
Essentials in Ophthalmology
Series Editor: Arun D. Singh

Blepharitis
Asim V. Farooq
James J. Reidy Editors

A Comprehensive Clinical Guide



Essentials in Ophthalmology
Series Editor:

Arun D. Singh
Cleveland Clinic Foundation
Cole Eye Institute
Cleveland, OH, USA



Essentials in Ophthalmology aims to promote the rapid and efficient transfer 
of medical research into clinical practice. It is published in four volumes per 
year. Covering new developments and innovations in all fields of clinical 
ophthalmology, it provides the clinician with a review and summary of recent 
research and its implications for clinical practice. Each volume is focused on 
a clinically relevant topic and explains how research results impact diagnostics, 
treatment options and procedures as well as patient management.

The reader-friendly volumes are highly structured with core messages, 
summaries, tables, diagrams and illustrations and are written by internationally 
well-known experts in the field. A volume editor supervises the authors in 
his/her field of expertise in order to ensure that each volume provides cutting- 
edge information most relevant and useful for clinical ophthalmologists. 
Contributions to the series are peer reviewed by an editorial board.

More information about this series at http://www.springer.com/series/5332

http://www.springer.com/series/5332


Asim V. Farooq • James J. Reidy
Editors

Blepharitis

A Comprehensive Clinical Guide



ISSN 1612-3212     ISSN 2196-890X (electronic)
Essentials in Ophthalmology
ISBN 978-3-030-65039-1    ISBN 978-3-030-65040-7 (eBook)
https://doi.org/10.1007/978-3-030-65040-7

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Asim V. Farooq
Department of Ophthalmology  
& Visual Science
University of Chicago Medical Center
Chicago, IL  
USA

James J. Reidy
Department of Ophthalmology  
& Visual Science
University of Chicago Medical Center
Chicago, IL  
USA

https://doi.org/10.1007/978-3-030-65040-7


To our mentors, David J. Apple, MD, Herbert E. Kaufman, MD, 
and Joel Sugar, MD.



vii

Blepharitis is one of the most commonly encountered diagnoses in the clini-
cal practice of ophthalmology. However, the term blepharitis is nonspecific 
and represents many different conditions that can cause a common set of 
signs and symptoms. Over the past decade, an international consensus regard-
ing classification, diagnosis, and management of blepharitis has been estab-
lished by a panel of experts from around the world. This text, targeted for eye 
care professionals, will provide a concise, up-to-date review of the classifica-
tion, diagnosis, and treatment of blepharitis. It is not meant to be an exhaus-
tive reference, but rather a useful clinic primer.

While there is much about the varied aspects of blepharitis that remains 
unknown, advances in diagnostic technology, microbiology, genomics, pro-
teomics, and metabolomics will continue to enhance our understanding of 
these disease processes and ultimately lead to more effective treatment strate-
gies for our patients.

Chicago, IL, USA Asim V. Farooq, MD
  James J. Reidy, MD, FACS 
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Anterior Blepharitis

Jared J. Murray and Joshua H. Hou

 Introduction

Blepharitis is an inflammatory condition of the eyelid margin that commonly causes varying degrees 
of erythema, edema, and discomfort. Patients of all ages and ethnic backgrounds are affected. As a 
single entity, blepharitis is not sight-threatening, but corneal sequelae such as superficial keratopathy, 
ulceration, and neovascularization can occur. Blepharitis is often divided by experts into anterior and 
posterior blepharitis. The former involves skin as well as the eyelash base and follicles. Seborrheic 
and staphylococcal are two common subtypes of anterior blepharitis; this chapter delves into these 
and others. Posterior blepharitis involves the meibomian glands [1, 2] and is discussed in the follow-
ing chapter.

 Causes of Anterior Blepharitis

 Allergic Contact Blepharitis

Allergic contact blepharitis, usually as sequela of contact dermatitis, is caused by a delayed Type IV 
T-cell hypersensitivity reaction involving one or both eyes. Symptoms commonly develop within 
24–72 hours of exposure to ophthalmic medication, environmental substances, or cosmetic products. 
Frequently implicated ophthalmic medications include cycloplegics, such as atropine and homatro-
pine, and the preservatives thymerosol, ethylenediaminetetraacedic acid (EDTA), and benzalkonium 
chloride (BAK).Topical aminoglycoside antibiotics (gentamycin, neomycin, and tobramycin) are also 
routinely implicated [3]. Table 1.1 lists various sources of offending agents.

Classically, patients will complain of intense pruritis. Eyelid erythema and edema are found on 
exam, often with a scaly eczematous appearance. The conjunctiva may be injected, and depending on 
the extent, duration, and degree of eye rubbing by the patient, keratopathy may also result. When the 
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condition becomes chronic, ectropion, ptosis, and worsening dermatochalasis can occur. While 
 allergic blepharitis is a common cause of eyelid inflammation, it is often unrecognized by eye care 
professionals [4].

 Atopic Blepharitis

Anterior atopic blepharitis is a common extension or sequela of atopic dermatitis (AD), a chronic 
inflammatory skin condition. AD has a lifetime prevalence of 15% to 20% effecting both sexes and 
patients of all ages [6]. The presentation and clinical exam findings of atopic and allergic blepharitis 
are similar. Patients commonly experience intense itching leading to frequent scratching and rubbing. 
As with AD, atopic blepharitis is a chronic condition with frequent exacerbations. Disease prevalence 
ranges from 41% to 53%, with 39.5 to 74.3% developing keratoconjunctivitis [7]. Keratoconus, glau-
coma, cataracts, retinal detachments, and herpes simplex virus infections are additional known com-
plications of atopic dermatitis affecting the eyelids. Etiology is likely multifactorial stemming from a 
combination of genetics, physical trauma from eye rubbing, immune system dysfunction, as well as 
side effects from atopic dermatitis treatments [7, 8].

 Staphylococcal Blepharitis

Blepharitis that is presumed to be infectious in nature is termed staphylococcal blepharitis as 
Staphylococcal aureus is most frequently implicated [1]. Other bacteria may be causative in uncom-
mon cases [1, 9]. Among those diagnosed with staphylococcal or mixed staphylococcal/seborrheic 
blepharitis, 51% had cultures positive for S. aureus compared to 8% of normal eyes [10]. Staph epi-
dermidis appears to be ubiquitous but has also been linked to disease. Propionibacterium acnes, 
Corynebacterium species, and Staph epidermidis have also been found to be more prevalent among 
diseased eyelids versus controls and there is suggestion that heavy colonization may be a factor. The 

Hand transfer of allergens
Cosmetics: eyelids, face, hair, hands
Topical medications
Makeup brushes and applicators
Objects in contact with the eyelids: eyelash curler, camera eyepiece, 
goggles, glasses, etc.
Airborne contact dermatitis
Soaps and shampoos
Protein contact dermatitis: dust mites, latex, cornstarch, animal 
dander, fish, etc.
Metal nail files
Gloves and glove powder
Eye medications and treatments
Dermatitis secondary to blepharitis and conjunctivitis
Plants
Sunscreens
Makeup removers
Artificial nails and nail lacquer
Systemic contact dermatitis
Textiles

Table 1.1 Sources of allergic 
dermatoblepharitis [5]

J. J. Murray and J. H. Hou
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pathophysiology includes colonization, possible toxin/enzyme-mediated damage, and immune 
response [9]. Valenton and Okumoto hypothesized that toxins produced by certain strains of S. aureus 
or S. epidermis could be pathogenic; however, no toxin has been found in significantly higher associa-
tion with blepharitic eyelids compared to controls [11, 12].

Staphylococcal blepharitis is especially common among younger patients and manifests with 
symptoms of burning, itching, foreign-body sensation, and crusting (most-frequently in the morning 
upon waking). Examination typically reveals hard matted crusts surrounding the anterior eyelid mar-
gin cilia. These crusts are referred to as collarettes, of which removal often leads to ulceration. Other 
exam features include anterior and posterior margin telangiectasias, madarosis, trichiasis, and polio-
sis. Chronic staphylococcal blepharoconjunctivitis is said to occur when both eyelids and conjunctiva 
demonstrate pathology with signs and symptoms lasting greater than or equal to 4 weeks. Along with 
the blepharitis features, the palpebral conjunctiva demonstrates a papillary reaction, especially inferi-
orly adjacent to the eyelid margin. Both palpebral and bulbar conjunctiva are mildly injected without 
discharge. Moraxella lacunata is associated with angular blepharoconjunctivitis in which focal ulcer-
ation of the lateral canthal angle is evident. A follicular or papillary tarsal conjunctival reaction is 
often present. Moraxella blepharoconjunctivitis may present independently, or concomitantly with S. 
aureus blepharoconjunctivitis [1].

Blepharokeratoconjunctivitis (BKC) is a common entity in which various forms of keratitis exist 
in conjunction with blepharoconjunctivitis. Punctate keratopathy, either diffuse, or inferiorly adjacent 
to the inferior eyelid margin, is common and can be asymmetric. The most well known associated 
keratopathy are known as staphylococcal-associated marginal ulcers. These are characterized by one 
or more gray/white fluffy circular or oval peripheral marginal infiltrates, usually with a small (1 mm 
or less) area of clear cornea between the infiltrate and limbus (Fig. 1.1). These infiltrates are sterile 
inflammatory reactions to corneal compromise and antigen. They are often called “catarrhal” ulcers 
and are commonly located where the eyelid  margin and cornea limbus  transect (10, 2, 4, and 8 
o’clock). Phlyctenules are focal hyperemic inflammatory nodules of the cornea or conjunctiva. In 
developed countries, they are frequently associated with Staphylococcal aureus. In tuberculosis- 
endemic regions of the world, phlyctenules are associated with Mycobacterium tuberculosis infec-
tions among malnourished children. Prior studies suggest that both phlyctenulosis and 
staphylococcal-associated marginal keratitis (catarrhal keratopathy) develop from cell-mediated 
delayed hypersensitivity reaction to the cell wall of S. aureus [1, 13, 14]. The peripheral cornea’s loca-
tion near limbal vasculature and conjunctival lymphoid tissue make it susceptible to immunologic 
reactivity [14].

Fig. 1.1 Staphylococcal blepharokeratoconjunctivitis with marginal (“catarrhal”) ulcers. (From Guin [5], with permis-
sion of Elsevier)

1 Anterior Blepharitis
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 Seborrheic Blepharitis

Seborrheic blepharitisis is an inflammatory condition primarily involving the anterior eyelid margin 
that tends to disproportionally affect older patients without a gender disparity. Variable amounts of 
oily/greasy scaling or scurf on the eyelids and/or lashes is characteristic on slit lamp examination 
(Fig. 1.2). Seborrheic blepharitis often occurs in conjunction with seborrheic dermatitis, in which 
case, similar debris is usually present in the eyebrows and scalp. Many patients will also have 
Meibomian gland disease (MGD) evidenced by over-secretion of turbid-appearing oil from gland 
orifices can be expressed on exam. Like other forms of blepharitis, eyelid redness is common. 
Approximately 15% of patients develop keratitis, typically across the lower one third of the cornea in 
the way of punctate epithelial erosions, and 30% have evaporative dry eye disease [1]. Not surpris-
ingly, patients commonly experience burning, eye dryness, and foreign-body sensation.

 Demodex Blepharitis

When eyelash sleeves are noted on exam with other signs and symptoms persisting despite consistent 
conventional blepharitis treatment, demodicosis should be suspected [1].The cylindrical sleeve-like 
dandruff particles frequently found with this type of blepharitis harbor mites. Interestingly, neither the 
number of mites or nor the extent of dandruff has been shown to correlate with symptom severity. Two 
different Demodex species are known to cause blepharitis, Demodex folliculorum and Demodex bre-
vis. D. folliculorum measures 0.3–0.4 mm, is found at lash roots and follicles, and is specifically 
associated with anterior blepharitis (Fig. 1.3). D. brevis measures slightly smaller at 0.2–0.3 mm, is 
found in sebaceous and meibomian glands, and is a known cause of posterior blepharitis, meibomian 
gland dysfunction, recurrent chalazia, and treatment refractory keratoconjunctivitis [15]. D. folliculo-
rum is found more frequently than D. brevis in ocular infestation. Prevalence of both species increases 
with age [16].

The Demodex mite life cycle runs approximately 14–18 days and includes egg, larval, and adult 
stages. Demodex mites require a living host and trans-infestation requires direct contact. Various 
pathological changes have been implicated during demodicosis of the eyelids. First, physical block-
age of follicles with reactive hyperkeratinization and epithelial hyperplasia is common. The parasite 
may also serve as a vector for bacteria (typically Bacillus oleronius) acting as a co-pathogen 
[17]. Parasite chitin itself may cause an inflammatory foreign body reaction. Finally, the presence of 
mites and their waste products may stimulate humoral and cell-mediated immune reactions [18].

Fig. 1.2 Seborrheic blepharitis

J. J. Murray and J. H. Hou
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Demodex prevalence has been shown to be widespread, even among normal adults without blepha-
ritis. For this reason, uniform diagnosis standards are lacking, including criteria for number of eye-
lashes sampled and number of mites identified. In vivo confocal microscopy (IVCM) appears to be 
more accurate diagnostically than examining eyelashes with light microscopy. IVCM can effectively 
identify a single mite on a single lash, but identification may be limited by investigator experience [19].

 Treatment

When allergic blepharitis is suspected, identifying and discontinuing exposure to the offending agent 
are the critical first steps in management. Cool compresses, as well as systemic (diphenhydramine, 
cetirizine) and topical (ketotifen) antihistamine medications can help with pruritus. Topical mast cell- 
stabilizing treatment with olopatadine or cromolyn can also be helpful [3].

Treatment of atopic blepharitis is grounded in lid hygiene, including warm compresses and gentle 
eyelid cleansing with baby shampoo and over-the-counter cleansing pads. Topical steroids are often 
used for treatment of flare-ups, but their adverse side effects (increased intraocular pressure (IOP) and 
glaucoma, subcapsular cataract, herpes simplex reactivation, and skin atrophy), limit long-term, 
chronic use [20]. Calcineurin inhibitors, such as cyclosporin, and the macrolide tacrolimus have 
immunomodulatory effects that have been shown to be beneficial in the treatment of posterior and 
anterior blepharitis. Tacrolimus acts as an immunosuppressant by inhibiting transcription activity 
through the nuclear factor of activated T cells’ (NFAT) pathway. Topical tacrolimus has been used to 
treat atopic dermatitis skin lesions since 2001 [7]. Topical use in the treatment of belpharoconjuncti-
vitis has been shown to be efficacious and safe in the long term [20].

Warm compresses and eyelid hygiene are nearly universal staples for treatment of staphylococcal, 
seborrheic, and demodex blepharitis. Tear film insufficiency generally improves with use of artificial 

Fig. 1.3 Demodex folliculorum

1 Anterior Blepharitis
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tears. Because most forms of blepharitis are chronic, these measures need to be continued long term. 
When staphylococcal blepharitis, blepharoconjunctivitis, or BKC is in question, eyelid and conjunc-
tival cultures are appropriate. Topical antibiotics (erythromycin, bacitracin, etc.) are used regularly 
with the goal of reducing bacterial load; however, frequent use has led to microbial resistance. 
Combination antibiotic/corticosteroids are popular for conveniently treating bacterial colonization 
and quieting inflammation as a single treatment. In combination or when used alone, topical steroids 
effectively treat flare-up-associated inflammation, but patients must be monitored for steroid-related 
complications. Systemic treatment with doxycycline or azithromycin may be beneficial for both their 
antimicrobial and anti-inflammatory properties [20].

Demodex blepharitis has been shown to improve with treatment using tea tree oil (TTO), an essen-
tial oil derived from the leaf of the plant Melaleuca alternifolia. Eyelid margin, conjunctival, and 
corneal inflammation have all been reduced with 50% TTO application weekly in clinic plus 10% 
daily applications at home for 1 month. Daily lid massage with 5% TTO at home has also been found 
effective. Contact dermatitis may occur due to terpinolene, α-terpinene, ascaridole, and 1,2,4- trihydroxy 
methane, which are found in TTO. Terpinen-4-ol is possibly the most effective active ingredient in 
TTO possessing both antimicrobial and anti-inflammatory properties and is the sole ingredient in 
Cliradex® (Bio-Tissue, Inc.) [21].

Another means of controlling demodicosis is prevention of physical transfer from one follicle to 
the next. Mercury oxide 1% ointment, sulfur ointment, pilocarpine gel, and camphorated oil applied 
nightly to eyelid margin and lashes work by trapping mites. Both topical ivermectin 1% applied 
daily, and oral ivermectin (200 μg/kg) taken on day 0 and day 7 have been reported to reduce the 
number of D. folliculorum mites found in sampled lashes [17, 21].

With chronic unilateral blepharitis, particularly in the presence of madarosis and lid thickening, 
malignancies such as squamous cell, basal cell, and especially sebaceous cell carcinoma, must be 
ruled out. When symptoms persist with one eye only, nasolacrimal duct obstruction should be consid-
ered. When one or both eyes are affected chronically without treatment response, susceptibility testing 
may be useful to guide antimicrobial treatment. Demodex and factitious etiologies should be consid-
ered when clinical improvement is not evident despite treatment [1].

Compliance with Ethical Requirements Jared Murray and Joshua H. Hou declare that they have no conflict of inter-
est. No human or animal studies were carried out by the authors for this chapter.
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Posterior Blepharitis

Christine E. Martinez, Lixing W. Reneker, 
and Andrew J. W. Huang

 Introduction and Definition

Blepharitis is a chronic inflammatory condition of the eyelids, which can affect ocular surface integ-
rity and lead to ocular irritation and discomfort. Based on anatomical location, blepharitis can be 
classified as anterior or posterior. Posterior blepharitis is a heterogeneous condition defined as lid 
margin inflammation posterior to the gray line and may include the following structures: the marginal 
mucosa, mucocutaneous junction, meibomian glands, and neighboring keratinized skin. Meibomian 
gland dysfunction (MGD) is one cause of posterior blepharitis and with increasing frequency the two 
terms are used synonymously [1]. However, there are other etiologies of posterior blepharitis such as 
infectious or allergic blepharoconjunctivitis, so it is more accurate to consider these conditions as 
separate entities [1]. MGD will be the focus of this chapter.

Meibomian glands are sebaceous glands and their secretory product, meibum, is the primary 
source of lipids, which constitute the innermost layer of the tear film. Lipid is a critical component 
of the tear film because it prevents evaporation and enhances tear film stability by lowering the sur-
face tension of tears. The 2011 International Workshop on Meibomian Gland Dysfunction defined 
MGD as, “a chronic, diffuse abnormality of the meibomian glands, commonly characterized by ter-
minal duct obstruction and/or qualitative/quantitative changes in the glandular secretion. This may 
result in alteration of the tear film, symptoms of eye irritation, clinically apparent inflammation, and 
ocular surface disease” [1]. MGD may be primary or secondary and can be further subdivided in 
many ways, including on the basis of low-delivery or high-delivery states. Low delivery of meibo-
mian gland secretions can be caused either by hyposecretion of meibum or obstruction of glandular 
ducts or orifices [1].
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 Dry Eye Association

MGD has a strong association with dry eye disease, which may be primary aqueous deficient, second-
ary evaporative, or a combination of the two. MGD is thought to be the leading cause of evaporative 
dry eye [2, 3].

 Epidemiology and Risk Factors

To date, no studies have specifically established the epidemiology of posterior blepharitis in general, 
but a number of population-based studies have sought to determine the prevalence of MGD in particu-
lar. The numbers vary widely and reported prevalence ranges from 3.5% in the Salisbury Eye 
Evaluation study to 69.3% in the Beijing Eye Study [2]. The disparity comes as least in part from lack 
of consensus on disease- defining characteristics between the studies. Some of the discrepancy can 
also be accounted for by racial differences, as studies of Asian populations appear to demonstrate 
higher rates of MGD [2]. Age distribution of the study groups may also play a role in reported disease 
prevalence because increasing age correlates well with increasing prevalence of MGD.

 Hormones

Sex steroids have a major impact on meibomian gland function. Androgens appear to promote meibum 
secretion and reduce inflammation, while estrogens appear to increase inflammation in meibomian 
glands in the same manner that other sebaceous glands are affected throughout the body [4]. Androgen 
deficiency and complete androgen-insensitivity syndrome are each associated with both MGD and 
tear film instability [2]. Pathologic states that alter androgen action are particularly associated with 
keratinization of the posterior lid margin and a secondary obstructive MGD [4].

 Sex

While it is well known that female sex is a risk factor for dry eye disease [5], the relationship between 
sex and MGD is less clear [2]. Better tear function in postmenopausal women is associated with 
higher testosterone levels; however, better tear function in premenopausal women is associated with 
lower testosterone levels [6]. The effect of menopause on MGD has yet to be elucidated. Meibomian 
glands in men have a higher expression of particular fatty acid products than age-matched women [5], 
but it is unclear what role this may play in the pathogenesis of MGD. Men older than 70 years have a 
higher incidence of lid margin abnormalities and meibomian gland dropout [5].

 Age

Aging is a recognized risk factor for MGD. Multiple studies have demonstrated increased signs of 
MGD with aging, such as lid margin abnormalities and meibomian gland atrophy within the tarsal 
plate on meibography [2, 7, 8]. Whether this is directly related to normal degenerative changes associ-
ated with senescence or is secondary to decreased production of sex- steroid hormones, stem cell dimi-
nution, or growth factor deficiency with aging remains unclear. Peroxisome proliferator-activated 
receptor gamma (PPAR-gamma) is a nuclear receptor protein whose downregulation with increasing 
age is hypothesized to underlie decreased meibocyte differentiation and lipid synthesis [9, 10].
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 Medications

Retinoic acid derivatives such as isotretinoin (Accutane), a vitamin A analog, are used in the derma-
tologic treatment of facial acne and are also components of many anti-aging skin products. 13-cis reti-
noic acid results in blepharoconjunctivitis, abnormal meibomian secretions, atrophy of meibomian 
glands, and dry eye signs and symptoms [4, 11]. During treatment with isotretinoin, meibomian 
glands appear less dense and more atrophic by meibography with an increase in meibum thickness 
and elevation of tear osmolarity [11]. Additionally, multiple topical medications have been found to 
alter meibomian gland structure or function. Topical epinephrine causes keratinization of the duct 
epithelium and subsequent obstructive MGD [12]. Topical glaucoma medications such as beta- 
blockers, carbonic anhydrase inhibitors, and prostaglandin analogs are associated with changes in 
meibomian gland structure such as decreased acinar area and density and have been associated with 
MGD in patients on chronic therapy [13, 14].

 Systemic Diseases

Rosacea is a chronic inflammatory skin disease characterized by facial erythema and telangiectasia. 
The disease most commonly affects Caucasians and may cause eyelid and ocular surface inflamma-
tion. Compared to age-matched controls, patients with rosacea are more likely to demonstrate lid 
margin abnormalities, meibomian gland dropout, and decreased density of meibomian glands along 
the eyelids [15]. Lid margin abnormalities include meibomian orifice retro-placement, lid margin 
telangiectasia, and rounding or notching of the lid margin. Other systemic disorders have also been 
associated with posterior blepharitis and these include atopic dermatitis, seborrheic dermatitis, psoria-
sis, ichthyosis, Sjogren’s syndrome, discoid lupus, and ectodermal dysplasia [2]. Posterior blepharitis 
has also been associated with cicatricial conjunctivitis in diseases such as mucus membrane pemphi-
goid (MMP), trachoma, erythema multiforme (Stevens-Johnson syndrome), and graft versus host 
disease (GVHD) [2].

 Other

Contact lens wearers have greater degrees of meibomian gland dropout on infrared meibography 
when compared to age-matched controls who do not wear contact lenses [16]. Young contact lens 
wearers have been observed to have a meibomian gland dropout rate similar to individuals in their 
60’s with age-related glandular degeneration [16]. Arita et al. found that the duration of contact lens 
wear was also positively correlated with extent of meibomian gland dropout. This suggests that dry 
eye associated with contact lens wear may be at least in part related to MGD. One hypothesis for the 
etiology of meibomian gland dropout is that chronic irritation of the meibomian gland by the contact 
lens through the conjunctiva causes these pathologic changes.

Smoking may be another risk factor and smokers with MGD have increased lid margin and meibum 
abnormalities compared to non-smokers with MGD [17].

 Anatomy, Etiology, and Pathogenesis

There are 20–30 meibomian glands in the lower eyelid and 25–40 in the upper eyelid [4]. The orifices 
of the meibomian glands are located just anterior to the mucocutaneus junction, and the normal verti-
cal extent of the glands corresponds roughly to the extent of the respective tarsal plates. Each meibo-
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mian gland is composed of secretory acini connected via short ductules to a long central duct. The 
entire internal system is lined by stratified squamous epithelium with signs of emerging keratinization 
[4]. Full keratinization is normally only seen in the terminal part of the central duct as it approaches 
the meibomian gland orifice [4].

Meibum is secreted through a holocrine secretion mechanism and is normally a clear oil, but in 
MGD it may appear more white or yellow and the consistency may be creamy or like toothpaste. 
Meibum is composed most abundantly of wax, fatty acids and fatty alcohols, cholesterol, and protein 
[4]. The transition temperature for meibomian lipids from solid to liquid ranges from 28 to 32 degrees 
Celsius, and therefore eyelid temperature will affect the viscosity of meibum [4].The meibum is 
secreted onto the eyelid margin under both neural and hormonal control and is aided by blinking. 
During sleep the meibum is thought to accumulate in the glands near the orifices and with waking and 
recommencement of blinking, the excess is discharged from the glands [18].

 Pathogenesis

The pathophysiology of posterior blepharitis and MGD is complex and likely multifactorial. 
Hyperkeratinization of ductal epithelium has been considered to be an important cause of obstructive 
MGD and is influenced by a variety of factors such as advancing age, hormonal abnormalities, medi-
cation toxicity, and contact lens wear [4]. The secretory ducts then become plugged and obstructed by 
desquamated epithelial cells and thickened, viscous meibum. Progressively the ducts then become 
dilated secondary to accumulation of meibum, and subsequently there is secondary loss of secretory 
meibocytes [4]. This process results in diminished delivery of meibum to the tear film and ocular 
surface. Meibomian gland obstruction is probably the most common form of MGD [1].

Atrophy and degeneration of the glandular acini may result in a secondary hyposecretion [4]. 
Meibomian gland dropout has been correlated with decreased meibum production [19]. Atrophy may 
be caused by increased intraglandular pressure secondary to obstruction and meibum stasis, and this 
may inhibit normal cell differentiation. Eventually the short ductules and subsequently the acini 
undergo squamous metaplasia that results in keratinization of the epithelium of the ducts and acini. 
The meibomian gland orifices also narrow. There is also evidence that atrophy is a primary process in 
some individuals and may be related to advancing age [4]. Histology of atrophic meibomian glands 
demonstrates decreased acini size, irregular acini shape, and basement membrane thickening [4]. 
Corroborative with the above notions, a recent histopathological study, based on a small sample size, 
suggests potentially distinct pathogenic mechanisms in MGD for patients of different 
ages. Hyperproliferation and aberrant differentiation of the central ductal epithelia may lead to the 
obstruction by overproduced cytokeratins in younger adults, whereas decreased cell proliferation in 
acinar basal epithelia may lead to MG glandular atrophy in older adults [20].

 Inflammation

Inflammation, either infectious or noninfectious, can cause posterior blepharitis, but it is not likely an 
important factor in the development of obstructive MGD [4]. A number of histologic studies have 
demonstrated granulation tissue with inflammatory cell infiltrate within the meibomian glands of 
patients with MGD; however, in specimens with ductal dilation and acinar atrophy indicative of 
obstructive MGD, no inflammatory infiltrate was identified on histology [4]. In vivo confocal micros-
copy has suggested the possible presence of periglandular inflammatory cells in some individuals 
with obstructive MGD; however, differentiating between various cell types is difficult with confocal.
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 Infection

Chronic blepharitis is known to be influenced by overgrowth of commensal bacteria such as coagulase 
negative staphylococci, Staphylococcus aureus, and Propionibacterium acnes; however, the role of 
bacterial infection in MGD is somewhat controversial. Bacterial infection does not appear to play a 
role in the pathogenesis of obstructive MGD; however, even in the absence of active infection, it is 
conceivable that bacterial products such as toxins and lipase may play a role in posterior blepharitis 
[4]. Bacterial lipases and esterases can degrade meibomian lipids resulting in abnormal free fatty 
acids that may cause inflammation and hyperkeratinization of the lid margin [4]. Oral antibiotics have 
demonstrated efficacy in the treatment of MGD and posterior blepharitis, but this may have more to 
do with the anti-inflammatory effects than the antimicrobial effects of these medications [4, 21, 22]. 
Additionally, Demodex brevis mites reside in meibomian glands and may play a role in the pathogen-
esis of posterior blepharitis [23].

 Growth Factors and Cytokines

Fibroblast growth factor receptors (FGFRs) are important for cell differentiation, survival, migration 
and differentiation. High levels of fibroblast growth factor receptor type 2 (FGFR2) are expressed in 
the acinar and ductal epithelial cells in meibomian glands of both mice and humans. Deletions of 
FGFR2 in mice models result in severe meibomian gland acinar atrophy [24]. This suggests that a 
FGFR2 plays an important role in meibomian gland hemostasis and may be a potential target for 
novel MGD therapy in the future.

A number of inflammatory tear film cytokines have been associated with MGD. These include 
IL-4, IL-6, IL-10, IL-17a, and TNF-α [25]. Choi et al. demonstrated decreased levels of these cyto-
kines in the tear film after treatment with intense pulsed light (IPL) therapy. Measurement of inflam-
matory tear cytokines may serve as an indicator of treatment response in MGD.

 Clinical Findings

In normal individuals, the meibomian gland orifices are located just anterior to the mucocutaneous 
junction and are spaced regularly along the eyelid margins. Clinical findings of posterior blepharitis 
include eyelid margin telangiectasias, injection, and keratinization. Rounding, notching, dimpling, or 
scalloping of the posterior lid margin may be observed. Additionally, an epithelial ridge between ori-
fices may be present. Exam findings indicative of MGD also include capping, plugging, or atrophy of 
the meibomian gland orifices [2]. Manual expression of the glands can demonstrate either excessive 
or decreased meibum of various characteristics, such as thick or toothpaste-like meibum. The tear film 
may also be abnormal or unstable, either as a secondary or primary process. In early stages, MGD 
may be subclinical and asymptomatic, but later it may progress to be both symptomatic and clinically 
obvious on slit lamp exam.

With chronic posterior blepharitis, the location of the meibomian orifices relative to the mucocuta-
neous junction may change [18]. The mucocutaneous junction may move anteriorly in the process of 
conjunctivalization and is thought to represent an aging process. With progression, periductal fibrosis 
around the meibomian orifices can be visualized. Conversely, in MGD in the setting of cicatricial 
disease the glands are pulled posteriorly onto the conjunctiva [18]. In this setting, there is stretching 
and exposure of the terminal ducts that is called ductal exposure. Clinically these orifices appear 
slightly elevated and rib- like. When periductal fibrosis or ductal exposure is present, these clinical 
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conditions are thought to be irreversible [18]. Abnormal staining patterns with fluorescein, rose 
Bengal, or lissamine green may be present. Classically there is staining of the posterior lid margin 
associated with corresponding staining of the inferior or superior conjunctiva and limbus that are in 
apposition with the eyelid margins (Fig. 2.1).

 Symptoms

MGD has been associated with ocular surface symptoms such as irritation, burning, itching, subjec-
tive eye dryness, and teary eyes. It has also been associated with eyelid crusting and stickiness (espe-
cially in the morning), eyelid puffiness and heaviness, and both eye and eyelid redness [2]. Notably, 
these symptoms are similar to those reported in both anterior blepharitis and dry eye disease. Due to 
abnormal meibum production, MGD may cause evaporative dry eye. Although the pathogenesis of 
MGD differs from aqueous- deficient dry eye, these two conditions may also co-exist, and it can be 
difficult to determine whether symptoms are related to MGD, aqueous deficiency, or both [2, 4]. 
Vision and contrast sensitivity may also be impact by MGD due to tear film instability.

Fig. 2.1 The top images are drawings of classic lid margin and corresponding conjunctival staining patterns seen in 
posterior blepharitis. The bottom images are representative patient photos demonstrating these staining patterns with 
rose Bengal.
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 Complications

Posterior blepharitis and MGD are associated with a number of eyelid and ocular surface complica-
tions. Chalazia are chronic, granulomatous inflammatory reactions of meibomian glands in the eye-
lids, and they are generally considered to be noninfectious [26]. Chalazia may arise from internal 
hordeola, which are acute inflammatory reactions of the meibomian glands that may or may not have 
an infectious etiology [26]. Both chalazia and internal hordeola are thought to be at least partially 
related to meibomian gland obstruction and meibum stasis [26]. Blepharitis and acne rosacea are 
known risk factors for the development of chalazion [15, 26, 27].

Ocular surface disease has also been associated with posterior blepharitis and MGD. This includes 
conjunctival hyperemia, punctate keratitis, marginal infiltrates, pannus or corneal neovascularization, 
corneal scar or opacity, phlyctenular keratitis, and peripheral ulcerative keratitis (PUK) (Fig. 2.2) [18, 
27, 28]. Proposed mechanisms for these corneal abnormalities include mechanical rubbing of the 
inflamed eyelid margin, release of inflammatory mediators into the tear film, or consequences of sec-
ondary dry eye [18, 27].

 Diagnosis

Posterior blepharitis and MGD can be symptomatic and diagnosed on the basis of the clinical findings 
described previously. MGD can also be an asymptomatic, subclinical condition with subtle or no 
gross clinical signs. In those cases, it may only be diagnosed with gland expression or additional 
diagnostic testing. Manual expression of the glands can be performed to determine the color, consis-
tency, and quantity of secretion. Use of a standardized expression device to describe the “expressibil-
ity” of the glands has been described [18].

Additional diagnostic tests may be used to further quantify or qualify the disease process, monitor 
for progression, or confirm the diagnosis. Interferometry can be used to quantify the thickness of the 
tear film lipid layer, the normal thickness of which is reported to range from 20 to 160 nm [18]. With 
the upstroke of a blink, the lipid layer can also be seen to spread upwards and then to stabilize. In eyes 
with lipid deficiency of the tears, the lipid layer is noted to take longer to stabilize [18]. Tear break-up 
time (TBUT) is a useful tool to evaluate the tear film stability in these patients, and describes the time 
interval between the last complete blink and the appearance of the first corneal dry spot [3]. A TBUT 
less than 10 seconds is generally considered abnormal [29].

Fig. 2.2 This image demonstrates corneal 
neovascularization in a patient with meibomian 
gland dysfunction (MGD). Note the presence 
of meibomian gland plugging and telangiecta-
sias of the posterior lid margin
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Meibography can be used to assess the architecture of the meibomian glands via transillumination 
of the eyelids using white light, near infrared, or infrared light (Fig. 2.3). More recently infrared pho-
tography and videography with or without transillumination have been utilized in non-contact meth-
ods and reported as faster and easier means of obtaining information related to meibomian gland 
architecture through meibography [2, 8]. The eyelids are everted to obtain the images in all of these 
techniques. In vivo confocal microscopy has also been used to measure gland diameter through the 
everted tarsal plate [30].

Meibometry is a technique to quantify the amount of lipid present in the lower lid reservoir and 
involves blotting a sample of meibum onto a loop of plastic tape [18]. Tests of tear quantity and qual-
ity such as TBUT, tear osmolarity, and Schirmer’s testing can be used as an indirect measure of mei-
bomian gland dysfunction; however, these tests are generally not specific to MGD [31].

 Differential Diagnosis

Chronic allergy with severe ocular inflammation such as atopic keratoconjunctivitis and contact der-
matitis due to medications or chemical exposure can often induce severe lid inflammation and mimic 
MGD or posterior blepharitis. Occasionally, basal cell carcinoma or squamous cell carcinoma can 
involve the lid margin with secondary MGD. In the presentation of a unilateral blepharoconjunctvitis, 
sebaceous cell carcinoma arising from meibomian glands or other pilo-sebaceous glands should 
always be included in the differential diagnosis of MGD. There may be pagetoid spread of the seba-
ceous cell carcinoma across the bulbar or tarsal conjunctiva [32].

Fig. 2.3 The top color photo depicts 
loss of meibomian gland architecture 
that is normally visible through the 
tarsal conjunctiva. The bottom 
black-and-white photo was taken of 
the same patient and confirms the 
loss of normal meibomian glands, 
which normally appear black in this 
type of image
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 Treatment

Treatment goals of posterior blepharitis are to reduce any present inflammation, improve the flow of 
meibum, stabilize the tear film, improve ocular comfort, and prevent corneal complications.

 Heat and Mechanical Massage

A classic initial treatment for MGD involves application of warmth to the eyelids along with mechani-
cal eyelid massage. Heat application to the eyelids is based on the idea that melting meibum lipids 
may soften the secretions and improve evacuation of the meibomian glands. The warming has been 
described and studied in a variety of means, ranging from simple warm compresses to devices such as 
infrared or hot air sources [21, 33, 34]. In patients treated with daily “eyelid hygiene” consisting of 
daily eyelid warming, massage, and lid margin scrubbing, one study demonstrated a 5% reversal of 
meibomian gland dropout [35].

 Thermal Pulsation

LipiFlow (TearScience, Morrisville, NC) is an automated, vectored, thermal pulsation system that 
provides a combination of targeted heat therapy and mechanical massage. The device covers both the 
back and front of the eyelids. The posterior portion applies heat to the meibomian glands, and the 
anterior portion gives mechanical stimulation. A recent meta-analysis analyzed the combined out-
comes of 4 randomized controlled trials on the efficacy of a single treatment with LipiFlow followed 
by daily warm compresses for the treatment of MGD [34]. All of the studies included were deter-
mined by the authors to be at high risk for inclusion of some type of bias. Improvement in TBUT and 
a standardized subjective dry-eye score was observed at 2–4  weeks; however, this effect was not 
sustained at 3 months. Standardized Patient Evaluation of Eye Dryness (SPEED) scores were noted to 
improve at 2–4 weeks in the treatment group compared to the control group, but this effect was lost at 
3 months. There was no change in ocular surface staining pattern, tear osmolarity, Schirmer’s test, or 
lipid layer thickness at any time interval. Ocular Surface Disease Index (OSDI) score was the only 
metric noted to be improved in the treatment group at both 2–4 weeks and 3 months [34]. This sug-
gests that LipiFlow may not have a lasting therapeutic effect. Providers interested in offering this 
treatment modality could consider repeating it every 1–2 months.

 Intense Pulsed Light (IPL) Therapy

IPL is an accepted, effective, and well-tolerated treatment for a range of dermatologic conditions 
including hypertrichosis, port wine stains, and telangiectasias [36]. IPL combined with meibo-
mian gland expression has been shown to improve both objective signs and subjective symptoms 
for a broad range of patients with MGD, including those with severe, refractory MGD [37]. The 
mechanism of improvement in MGD is likely related to the heating of the eyelid and subsequent 
melting of the meibum. Hemoglobin absorption of light may also account for decreased lid margin 
telangiectasias [37].
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 Mechanical Expression of Meibum

Expression of the meibomian glands to relieve and remove ductal obstructions has been described for 
over 100 years [38]. Simple manual methods have been described and more recently an instrument 
called the “Meibomian Gland Squeezer” was found to improve both signs and symptoms of MGD at 
1 month [38]. All of the patients in that study reported at least mild pain with the treatment.

 Meibomian Gland Probing

In view of the obstructive nature of MGD in many patients, meibomian gland probing has been pro-
posed as a treatment method and a means of restoring intraductal integrity. The theory behind this 
treatment is that the cycle of meibum stasis and subsequent glandular atrophy can be improved if 
orifice obstructions that prevent normal meibum expression can be mitigated. One study examined the 
impact of probing the glands of individuals with refractory MGD with a special cannula. At 3 months, 
there was an improvement in the OSDI score, an increase in the tear break-up time (TBUT), and a 
decrease in both conjunctival injection and eyelid margin vascularization [39].

A recent study involving gland probing with a 1 mm intraductal probe demonstrated mechanical 
resistance to probing in 84% of glands [40]. Of the glands that demonstrated resistance, 79.5% of 
them were classified as fixed, firm, focal, unyielding resistance (FFFUR) consistent with presumed 
findings of periglandular fibrosis by confocal microscopy. The probe findings suggest that obstruction 
of meibomian gland orifices in patients with MGD may be related to more chronic and permanent 
changes than mere plugging and keratinization.

 Artificial Tears and Lipid Supplements

Artificial lubricants are often used to treat concomitant dry eye in patients with MGD [3]. Topical 
lipid supplements in the form of 2% castor oil drops have demonstrated improved signs and symp-
toms of MGD [41]. Oral supplementation with omega-3 fatty acids in patients with MGD may 
improve both tear film stability and contrast sensitivity [42]. Improved contrast sensitivity likely cor-
relates to improved ocular surface and tear film stability. Omega-3 fatty acids are known to be anti-
inflammatory as opposed to omega-6 fatty acids, which are proinflammatory. While the study did not 
specifically distinguish MGD from aqueous tear deficiency, a recent well-controlled trial known as 
Dry Eye Assessment and Management (DREAM) Research showed omega-3 fatty acid supplements 
taken orally proved no better than placebo at relieving symptoms or signs of dry eye [43].

 Antibiotics

In the United States, oral azithromycin and tetracyclines such as tetracycline, doxycycline, and mino-
cycline are commonly used off-label for treatment of MGD.  The efficacy of the tetracyclines is 
thought to be primarily due to their anti- inflammatory action; however, their antibacterial impact on 
the commensal eyelid species may also play a role [44]. The tetracycline family is bacteriostatic and 
have been shown to decrease the production of bacterial lipases, modulate neutrophil and lymphocyte 
function, and inhibit inflammatory cytokines such as TNF-alpha, MMP-8, and MMP-9 [21]. There are 
many studies on the use of tetracyclines for MGD; however, very few of them are randomized control 
trials. One study of 60 patients comparing the use of oral minocycline demonstrated improvement in 
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all signs and symptoms of MGD that were measured in the study [45]. Typically prescribed doses of 
doxycycline and minocycline are 50-100 mg once or twice per day. At these doses, it is thought that 
the anti-inflammatory effect plays a larger role than the antibiotic effect on the ocular surface. Patients 
should be forewarned about the potential side effects of systemic tetracyclines such as skin photosen-
sitivity and gastric irritation. Tetracyclines should be avoided in pediatric patients due to the risk of 
tooth discoloration [46].

Azithromycin, a macrolide antibiotic, reduces growth of eyelid bacteria, suppresses bacterial 
lipases, and improves conjunctival inflammation by decreasing the release of proinflammatory mole-
cules [21]. Additionally and uniquely, azithromycin directly stimulates meibomian gland epithelial 
cells in humans and increases cellular levels of many components of meibum [44]. Multiple studies 
have demonstrated improvement in signs and symptoms of MGD when treated with oral azithromycin 
[47]. Yildiz et al. demonstrated improvement in OSDI score, lissamine green staining, and Schirmer’s 
test results with both oral and topical azithromycin in patients with posterior blepharitis [48]. In this 
study, topical azithromycin also improved TBUT.  Topical azithromycin has also been shown to 
decrease proinflammatory mediators in the tear film [49]. Typically prescribed doses of oral azithro-
mycin for posterior blepharitis are 500 mg to 1 g per day for 1–3 days at a time [47]. Azithromycin 
may be prescribed in a pulsed fashion because of its long half-life. A one-time oral dose of 1 g of 
azithromycin maintains its minimum inhibitory concentration (MIC) of 0.25 μg/mL for Staphylococcus 
aureus for 4 days in tears and 14 days in conjunctiva [47].

Oral and topical metronidazole have been reported as treatment modalities for blepharoconjunct-
vitis in rosacea, both in adult and pediatric populations [27]. Topical metronidazole improves clinical 
signs of oculocutaneous rosacea compared to placebo [50]. Oral and topical metronidazole have also 
been studied for the treatment of Demodex blepharitis, but in a recent meta- analysis neither treatment 
was found to improve the eradication rate of mites or patient-reported symptoms [23].

 Tea Tree Oil

Topical tea tree oil and terpinen-4-ol are also used to treat Demodex blepharitis. Based on results of 
the same recent meta-analysis, both treatments decrease mite counts, improve eradication rates, and 
improve symptoms [23].

 Anti-Inflammatory Agents

Cyclosporine A is an immunosuppressive medication with anti-inflammatory properties that has 
gained popularity in a dilute topical formulation for the treatment of dry eye conditions. Interestingly, 
topical 0.05% cyclosporine A has also been shown to improve signs, but not symptoms, of posterior 
blepharitis [51].

Tacrolimus is a macrolide with immunomodulatory effects and a similar mechanism of action to 
that of cyclosporine; however, it is 10 to 100 times more potent. Compared to placebo, 0.03% tacro-
limus ointment was effective for treatment of signs of posterior blepharitis including improvement in 
fluorescein staining, rose Bengal staining, eyelid margin telangiectasias, and meibomian gland secre-
tion [52]. However, there was no statistical difference between the treatment and control groups in 
terms of symptoms studied.

Lifitegrast is a T-cell antagonist that prevents the release of proinflammatory cytokines. It has dem-
onstrated efficacy in the treatment of dry eye disease, but to date there have been no studies examining 
its role in the treatment of patients with posterior blepharitis [21].

2 Posterior Blepharitis



20

Topical steroids are efficacious in the management of acute inflammation associated with posterior 
blepharitis and associated corneal complications; however, there are currently no published studies to 
support the long-term and efficacious use of topical steroids for MGD [21]. In noninfectious MGD, 
judicious pulsed therapy of topical steroids to suppress the ocular surface inflammation may be 
warranted.

 Future Horizons

Although the literature is ripe with studies on MGD, there is limited understanding of its pathogenesis 
and effective therapeutic strategies. Future work should focus on elucidating the role of inflammation 
in MGD more definitively as well as the underlying cellular and molecular mechanisms of MGD and 
glandular homeostasis. These efforts will aid in the development of targeted therapies for MGD and 
regenerative medicine for involutional MG atrophy.
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Local and Systemic Associations
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 Dermatomyositis

Dermatomyositis refers to an autoimmune disease characterized primarily of skin and muscular 
involvement. The incidence is about 9 per one million with females affected about twice as com-
monly as males [1]. Average age of onset tends to be approximately 55 years of age [2]. A separately 
defined entity, juvenile dermatomyositis, is defined as having an earlier onset, from 5 to 14 years of 
age [3]. Yet another entity, amyopathic dermatomyositis, occurs with only skin manifestations and 
not the characteristic muscular findings [4]. There are 5 diagnostic criteria for the disease, with each 
positive criterion increasing the chance of diagnosis [5]. However, the necessary criteria for even 
suspected disease are eruptive dermatitis lesions typical of the disease. These lesions start as macular 
erythema distributed symmetrically over the body, typically in the posterior neck and shoulder areas 
(shawl sign) [2].

Nodules on the interphalangeal joint (Grotton’s nodules) are also common [6]. The characteristic 
eyelid finding is the so-called heliotrope rash, which is a violaceous-hued erythema and edema of the 
upper, and occasionally lower, eyelids [7]. Skin manifestations precede muscular findings in approxi-
mately 50% of patients [8]. Muscle involvement is typically described as by proximal muscle weak-
ness. In the presence of the rash, questions regarding difficulty raising from a chair, combing one’s 
own hair, or climbing a flight of stairs may elucidate a positive response [9]. Lung [10] or esophageal 
[11] involvement are less common but more serious manifestations. Rarely, additional eye findings 
such as conjunctival hyperemia or polyposis, nystagmus, iritis, or retinal findings may be seen [12]. 
As stated previously, the diagnosis lies in a constellation of findings, first and foremost the character-
istic skin findings. Also included are the proximal muscle weakness, an EMG demonstrating myopa-
thy, elevated muscle enzymes in the serum, and inflammatory myopathy confirmed on muscle biopsy. 
The histologic findings of the skin manifestations show perivenular lymphocytic infiltrates; however, 
this is indistinguishable from other dermatologic diseases such as lupus erythematosus [13]. Myositis- 
specific antibody assays are also helpful in the diagnosis [14].
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Overlap syndromes with other rheumatologic diseases have been reported, with associated criteria 
needing to be met for those individual diseases [9]. An association between dermatomyositis and 
malignancies exist, and screening bloodwork and examination must be performed, as malignancies 
may present concurrently with the disease or even precede it [15]. Therapy targeting the skin findings 
include topical steroids, as the lesions can be quite pruritic. Also, patients tend to be photosensitive, 
and thus UV protection in the form of clothing or sunscreen is strongly advised. Muscular involve-
ment is usually treated with oral steroids and a steroid-sparing agent, such as methotrexate or ritux-
imab [16]. Close follow-up and communication with rheumatology and dermatology are 
recommended.

 Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease affecting nearly any or all 
organ systems. It typically follows  a course of relapses and remissions, sometimes with relapses 
occurring in different organ systems or at different severities, making diagnosis difficult. Therefore, a 
clinician should always be considering this entity as a diagnosis when inflammatory conditions are 
observed on the eyelids [17]. Epidemiologically, the disease occurs in approximately 4–200 per 
100,000 persons [18]. Women are affected more than men by a ratio of 9:1, with women of African 
American and Asian descent being more commonly affected than those of European ancestry. The age 
of onset is typically between 15 and 45 years of age [19].

The pathogenesis of SLE is not known, and is likely a combination of genetic predisposition 
and an inciting event such as an infection. B cell hyperactivity is a hallmark of the disease [20]. 
This in turn leads to immune complex deposition and a classic Type III hypersensitivity reaction. 
Due to its ability to mimic other diseases and its protean manifestations, 4 of 11 clinical findings 
must be present in order to diagnose a patient with definitive SLE. They include constitutional 
findings such as fever, malaise, myalgias, and weight loss or anorexia. Other important findings 
are photosensitivity, serositis, non-deforming migratory arthritis, kidney disease, and anemia [19]. 
Bloodwork will almost always show positivity to antinuclear antibodies; however, this alone is of 
limited benefit as nearly 33% of non-lupus patients may have positive ANA titers [21]. More spe-
cific antinuclear antibodies are anti-double-stranded DNA and anti-Smith antibodies. There is also 
an association with anti-SS- A and SS-B antibodies, but these are more closely associated with 
Sjögren’s syndrome [17].

On ophthalmic and external examination, one of the most common findings is a malar rash, 
which is either a flat or slightly raised erythematous area over the malar prominences and nose. 
Another common finding is a discoid rash, which appears as a raised papular rash with keratotic 
scaling. On the eyelid, this may appear similar to chronic anterior blepharitis, with erythematous, 
thickened skin and madarosis. Other ocular manifestations range from anterior to posterior and 
include episcleritis and scleritis, sicca (with SLE often accompanying a diagnosis of Sjögren’s 
syndrome), and cotton wool spots in the retina [19]. The retinal findings are consistent with the 
microvascular disease characteristic of SLE. Early clinical diagnosis is paramount to successful 
treatment, and therefore a careful review of systems and appropriate bloodwork should be consid-
ered in any patient with recurrent scleritis or blepharitis refractory to conservative treatment. 
Systemic therapy is indicated once the diagnosis is made, and typically consists of an initial corti-
costeroid followed most commonly by hydroxychloroquine [22]. In cases of severe or aggressive 
disease, most concerningly renal or CNS involvement, cyclophosphamide may be considered [23]. 
Biologics, including more recently belimumab, are becoming of increasing importance in long-
term therapy [24].
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 Scleroderma

Another rheumatological disorder, scleroderma, involves extensive fibrosis of connective tissue. 
While the skin is usually involved, when the condition also involves visceral organs, it is referred to 
as progressive systemic sclerosis (PSS). Women are more frequently affected than men, with reported 
ratios as high as 9:1. Onset is generally in the childbearing years. One of the rarer diseases, the inci-
dence has been reported to be 3–22 per million [25]. The underlying pathogenesis is a dysregulation 
of the capillaries and small blood vessels of the affected skin or organs. Initially, there is increased 
permeability causing edema. This is followed by a cascade of events resulting in fibroblast and myo-
fibroblast activation, causing fibrosis of the surrounding tissue. Additionally, upregulation of platelet 
aggregation and inflammatory markers causes narrowing of the vessels, leading ultimately to isch-
emia [26]. Biomarkers can show positivity for antinuclear antibodies, anti-Scl70, and anti-RNA poly-
merase [27]. However, the diagnosis is usually made clinically from major and minor criteria 
established by the American College of Rheumatology [28].

Variants of the disease include CREST syndrome, an acronym standing for calcinosis, Raynaud’s 
phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasias. Clinically, the first sign 
noted on history is typically Raynaud’s phenomenon, which happens in approximately 90% of patients 
[29]. The skin manifestations normally start in the extremities, moving centripetally to involve the 
upper arms and face. The skin change reflects the histologic findings, with initial edema followed by 
skin tightening and thickening. This, in turn, leads to loss of mobility and contracture. Ischemic dis-
ease can lead to infarcts and ulceration of the digits. Phenotypic variants include linear scleroderma, 
which can occur at a younger age. On the face, a lesion known as coup de sabre (sword stroke) can 
occur, which is frequently along the vertical midline. If the lesion develops early, this can result in 
facial asymmetry. The morphea variant involves only an isolated patch of skin, which results in char-
acteristic indurated lesions. These typically undergo hyperpigmentation or can resolve over time.

Eye manifestations are representative of the global disease, causing an initial bout of edema fol-
lowed by contracture of the skin. This can result in a woody or masked face appearance. For the 
eyelids, this results in decreased upper lid excursion, and blepharophimosis. If the disease extends to 
the lid margins, fibrosis of the dermal appendages may result in lash loss. Resultant corneal exposure 
is frequently a sequela of the condition. Other ocular findings are mostly a result of the associated 
microvascular disease. Iris atrophy, transillumination defects, and choroidal or retinal ischemia may 
develop [26].

Unfortunately, there are currently no available treatments that have been successful at treating the 
underlying disease. Management is therefore directed at supportive therapy of the involved systems. 
Oral steroids, generally considered a mainstay of controlling rheumatologic diseases, are generally 
avoided in scleroderma as this can worsen a patient’s renal crisis [30]. Methotrexate, mycophenolate 
mofetil, and cyclophosphamide have all been used in an attempt to control the disease from a derma-
tologic standpoint [31]. For the eyes, controlling exposure keratopathy is of paramount importance. 
Long-term survival of the patient is most closely related to the extent of visceral involvement, with 
renal or lung involvement portending the worst prognosis [32].

 Sjögren’s Syndrome

Sjögren’s syndrome (SS) is the autoimmune disease most frequently encountered by the ophthalmolo-
gist. As keratoconjunctivitis sicca is one of the primary symptoms, ophthalmology is frequently called 
upon early in the disease process for confirmation of diagnosis and management. Here, we will focus 
on the external aspects of SS and defer to resources outlining corneal diseases to better discuss the 
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ocular surface disease manifestations. The prevalence of SS is about 10 in 10,000. Women of child-
bearing age are the most commonly affected [33].

As with other autoimmune disorders, many patients have overlapping diseases. SS may be second-
ary to them, namely, rheumatoid arthritis, SLE, mixed connective tissue disease, and others [34]. A 
careful review of symptoms of a patient in whom SS is suspected is therefore warranted. 
Immunologically, a T-cell-mediated autoimmune response leads to gradual destruction of the exo-
crine glands, including the lacrimal and salivary glands; however, other mucous membranes including 
the trachea and vagina, may be affected. Microscopically, lymphocytic infiltration of the glands is 
seen, followed by destruction of the glandular structure [35]. Over time, fibrosis replaces the organi-
zational structure of the gland [36].

Dermatologically, the skin tends to be dry (xeroderma), and is found in approximately two-thirds 
of patients [37]. Annular erythema is a rare finding in SS and can be found anywhere on the body but 
most commonly on the face. It consists of round lesions with an elevated erythematous border and 
pale center, similar to dermatophytosis [38]. A cutaneous vasculitis is also rarely seen, but is a harbin-
ger of more severe systemic disease, as there is immune complex deposition in the small blood vessels 
[39]. The eyelids may show signs of dermatitis, with erythema and scaling similar to contact derma-
titis or the heliotrope rash found in dermatomyositis [40].

Diagnostic workup begins with a focused history and physical, and includes questionnaires rating 
dry eye and dry mouth symptoms. Biopsy of the minor salivary gland can be performed for suspected 
cases, and it is still considered the gold standard for diagnosis [41]. Blood markers include ANA, 
which is present in 90% of cases but is fairly nonspecific. SS-A and SS-B antibodies are present in 
approximately 80–90% of the cases and are much more specific [42]. Treatment consists mostly of 
local therapy. Xeroderma and eyelid dermatitis are typically treated with skin moisturizers and cool, 
infrequent showers. Smoking and alcohol avoidance are strongly recommended. Treatment of the 
ocular surface is of utmost importance, beginning with lubricating agents. Cyclosporine, punctal 
occlusion, and autologous serum eyedrops are all advocated as therapy to avoid epithelial breakdown, 
melt, or infectious keratitis. Systemic immunosuppression may be considered.

 Sarcoidosis

A multisystem inflammatory disease with myriad presentations, sarcoidosis is frequently referred to 
as “the great mimicker,” especially when considering its dermatologic manifestations. The literature 
is focused most heavily on the pulmonary aspect of the disease, as this generally presents the gravest 
consequences to the patient. However, nearly any organ can become affected, including the skin, 
uveal tract, brain, liver, spleen, lymphatic system, GI tract, joints, or bones [43]. The incidence has 
been reported to be approximately 3–18 individuals per 100,000. Women are affected at approxi-
mately twice the rate of men, with the average age of diagnosis being approximately 50. African 
Americans are affected at a rate of double compared to whites, and 6 times more commonly than 
Asians or Hispanics [44].

Due to its protean manifestations, the initial presentation can vary widely. Löfgren’s syndrome is 
a classic acute presentation, consisting of the triad of fever, eruptions of painful erythema nodosum, 
and ankle swelling. Hilar lymphadenopathy is frequently seen in conjunction with this [45]. Pulmonary 
symptoms are vague and consist most often of dyspnea and cough. The most frequent lung finding on 
imaging is hilar lymphadenopathy [46]. A staging system for lung involvement involves the presence 
of lymphadenopathy with or without parenchymal disease. Fibrotic parenchymal disease represents 
the final stage of sarcoidosis, and it is associated with pulmonary hypertension and right-sided heart 
failure [47].
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A multitude of ocular presentations may occur. Anterior, intermediate, and posterior uveitis are all 
possibilities. Optic neuritis is an uncommon but concerning manifestation. Vasculopathy in the form 
of phlebitis with classic “candle wax drippings” may occur in the retina. Nodules on either the iris or 
conjunctiva can also be seen [48]. Lacrimal gland involvement can be seen in nearly 25% of sarcoid 
patients, and they may develop associated dry eye syndrome [49].

Dermatologically, sarcoid changes can be nonspecific. An entity that is exclusive to sarcoid is the 
misnomer “lupus pernio.” It occurs on the face as indurated, violaceous lesions that tend to scar and 
cause disfigurement. They have the potential to erode into the bone, particularly into the nose and 
sinuses [50]. Worrisomely, lupus pernio is usually associated with severe pulmonary disease [51]. 
Often, however, the skin findings are not pathognomonic. Painful erythema nodosum, which are ele-
vated, shiny nodules, can be seen throughout the body, usually on the extensor surfaces of the legs 
[52]. However, these lesions can also be seen in infectious or allergic diseases [53]. The skin findings 
may be even less specific. A case series of periocular sarcoid described cases of erythematous edema 
of the upper eyelid, upper lid dermatitis, a nodular lesion mimicking basal cell carcinoma, and bilat-
eral medial canthal swelling. All were biopsy proven to be sarcoidosis [54]. Curiously, if the adnexal 
tissue is affected in a patient, they rarely have concomitant intraocular disease [55].

Given the nonspecific nature of the disease, biopsy of skin is frequently needed, and invariably will 
show noncaseating granulomas, which are pathognomonic. There may be associated multinucleated 
giant cells, which are usually surrounded by a cuff of lymphocytes [53]. Serum ACE and lysozyme 
are usually elevated, and should be a part of the workup in a patient with suspected sarcoid in the set-
ting of concerning skin findings or uveitis. Treatment generally depends on the systems involved. For 
lung and cardiac disease, high-dose steroid therapy is generally initiated, followed by a steroid- sparing 
agent, such as methotrexate. Infliximab has been shown to be a promising steroid-sparing agent in the 
setting of lupus pernio. Topical corticosteroids are the mainstay of treatment for local symptoms, 
namely, eyedrops for uveitic manifestations, and ointment or cream for skin findings [56].

 Rosacea

Rosacea is a chronic inflammatory disorder of the skin characterized by its tendency to affect the nose 
and malar eminences of the face. It is a common condition, with some studies reporting as high as 
10% of the population being affected [57]. Women are more commonly affected than men, although 
men are more likely to suffer from the phymatous subtype, which manifests as skin thickening and 
rhinophyma. Diagnosis is usually made after the age of 30 [58]. Fair-skinned patients of European 
descent are most commonly affected.

While there are four main subtypes of phenotypic manifestations, there is significant overlap in any 
given patient, with age of onset, degree of inflammation, and duration of disease all important aspects 
of clinical findings. Erythematotelangiectatic (ETR) disease is characterized by episodes of flushing 
and persistent erythema of the face, frequently accompanied by telangiectasias. Papulopustular dis-
ease involves transient papules or pustules in the same distribution as ETR disease. Phymatous find-
ings are associated with nodular skin thickening, most commonly on the nose and cheeks [59]. 
Extreme rhinophyma can result from chronic untreated disease. Ocular rosacea involves the eyelids 
and conjunctiva. Eyelid disease mainly consists of posterior blepharitis and telangiectasia. The mei-
bomian gland orifices are often distorted or obliterated, resulting in frequent chalazia or hordeola.

Long-term ocular rosacea results in meibomian gland deficiency and dry eye disease. The inferior 
conjunctiva is most commonly involved, with injection and chemosis. Mechanical irritation of the 
inferior cornea can occur, resulting in inferior keratitis, epithelial breakdown, sterile ulceration, or 
corneal neovascularization [60]. Infestation with the skin mite Demodex may either be a comorbidity, 
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or a triggering cause of the disease, as chitin from the mite’s exoskeleton has been shown to activate 
toll-like receptor 2, an important signal in the inflammatory pathway [61]. Matrix metalloproteinase-9 
is also expressed at higher levels on rosacea patients, indicating a dysregulation of inflammation [62]. 
Coagulase-negative S. aureus and H. pylori have also been proposed as contributors to the pathogen-
esis of rosacea [63, 64].

The diagnosis of rosacea is almost always made clinically. Histological findings are nonspecific, 
and so biopsy is rarely indicated. Therapy is directed at controlling local disease. Environmental trig-
gers should be avoided if possible. These include alcohol intake, smoking, spicy food, exposure to 
extreme temperatures, exercise and physical or psychological stress [65]. Barrier skin moisturizers are 
a mainstay of initial therapy. UV-blocking sunscreen should always be applied prior to sun exposure. 
FDA-approved topical medications include sodium sulfacetamide, brimonidine, azelaic acid, and 
metronidazole. Topical ivermectin cream has shown to be effective at controlling the disease. Its 
effects are likely due to anti-parasitic activity against Demodex species as well as anti-inflammatory 
properties. Tetracyclines remain the gold standard for systemic therapy. Doxycycline, 40-200  mg 
daily, has been shown to reduce symptoms in patients with rosacea. Doxycycline is capable of both 
decreasing the expression of matrix metalloproteinase and inhibiting neutrophil function. Therefore, 
tetracyclines are used for their anti-inflammatory effects more so than for their antibacterial properties 
[66]. With timely and adequate treatment, patients with rosacea fare well, although they should be 
informed of the chronic and fluctuating nature of their disease.

 Seborrhea

Seborrhea, or seborrheic dermatitis, is a chronic inflammatory skin condition, usually affecting the 
face, scalp, axilla, groin, and back. Included in the spectrum of disease is dandruff, a much more com-
mon condition affecting nearly 50% of the adult population [67]. Seborrhea, although less common, 
still affects about 1–3% of the total population [68]. It presents in a trimodal manner, with one peak 
being in the first year of life. When present on the scalp, this is most commonly referred to as “cradle 
cap,” with infants also being affected in the facial and diaper areas. The second peak is during puberty 
and early adulthood. Finally, a third peak occurs from 40 to 60, with similar manifestations to those 
seen in the adolescent cohort [69]. Men are more commonly affected than women, with exacerbations 
being brought about by cold temperatures, low humidity, or periods of stress [70].

Interestingly, a disproportionately large percentage of patients suffering from seborrhea have an 
immunocompromised status. Organ-transplant, lymphoma, or HIV-positive patients have all been 
shown to have an increased risk for the disease [71]. In particular, approximately 50% of HIV-positive 
patients suffer from seborrhea [72]. Furthermore, patients suffering from neurologic diseases such as 
Parkinson’s, tardive dyskinesia, or traumatic brain injury, all have higher rates of seborrhea compared 
to the general population [69]. The pathophysiology of seborrhea is poorly understood, but with the 
knowledge of the increased prevalence in immunocompromised and neurologic patients, it can be 
assumed that both immune status and neuroendocrine dysfunction have a role to play.

A common commensal yeast, Malassezia, has been studied as a potential culprit. While Malassezia 
has been isolated from the majority of patients with normal skin, it has been shown in seborrhea 
patients to be able to penetrate into the stratum corneum of the skin, releasing free fatty acids, an 
environment that allows the yeast to thrive. This cascade causes breakdown of the epidermal water 
barrier, contributing to water loss [73]. The yeast’s ability to act pathogenically in seborrhea patients 
is not clearly understood. Clinically, the hallmark of the disease is patches of scaly, greasy-appearing 
erythema with flaky skin. It is frequently accompanied by pruritis, which is especially true of scalp 
involvement [74].
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The eyelid findings are an extension of the general disease, and typically presents as an anterior 
blepharitis, with crusting or scaling on the lid lashes with skin debris. The posterior lid may also 
become involved, and consist of meibomian gland dysfunction, leading to evaporative tear dysfunc-
tion and dry eye [75]. Treatment is directed at the area of involvement. Scalp involvement can be 
successfully managed with over-the-counter dandruff shampoos containing agents such as selenium 
sulfide, zinc pyrithione, or coal tar [76]. Given the likelihood of Malassezia overgrowth, topical anti-
fungal agents such as ketoconazole have been advocated [77]. Skin disease of the face, back, or other 
body areas includes topical antifungals or calcineurin inhibitors such as tacrolimus [78]. Skin hygiene, 
including gentle exfoliation of the scaly patches and judicious use of topical steroids, remains a main-
stay of therapy. For the eyelids, warm compresses aid in expressing turbid meibomian secretions. 
Baby shampoo lid scrubs are effective at clearing skin debris from the lash base and meibomian ori-
fice. Rarely, the associated inflammation from the disease necessitates a short-term course of topical 
steroids or systemic antibiotics, such as doxycycline [75].

 Atopic Dermatitis

Atopic dermatitis represents an IgE-mediated-hypersensitivity, usually to external allergens or trig-
gers. It is frequently associated with other atopic diseases, including food allergies, allergic rhinitis, 
and allergic asthma [79]. The prevalence of the disease is increasing, with nearly 15–20% of children 
and 1–3% of adults being affected [80]. This represents a nearly tripling of disease burden over the 
last 40–50 years. Diagnosis is typically made before age 5, with most cases diagnosed before 6 months 
[81]. The majority of adult cases represent a continuation of the disease since childhood. Less than 
20% of patients are diagnosed with atopic dermatitis after adolescence [82]. There is relative parity 
amongst the sexes, with males being affected at a slightly higher rate than females. Typically, how-
ever, males tend to have more persistent and severe disease [83].

Although common, the exact underlying pathogenesis of atopic dermatitis is not well understood. 
Recently, interest in the filaggrin gene has been demonstrating the importance of skin barrier dysfunc-
tion as a pathway toward disease. Filaggrin is an important protein for epidermal differentiation, and 
recent studies have shown downregulation of filaggrin can cause skin barrier dysfunction. This may 
allow allergens to penetrate deeper into the epidermis, increasing the likelihood of contact with mast 
cells and thus triggering an allergic response. It is unknown however, whether internalization of an 
allergen causes downregulation of filaggrin, or if the reverse is true [84]. Only about 30% of atopic 
patients present with a true filaggrin mutation, suggesting that the etiology is at least partly environ-
mental [85]. Diagnosis is usually made by history and physical examination. While there has been an 
extensive classification criteria established, clinically this can be unwieldy. Nonetheless, pruritis is a 
hallmark of the disease, and a necessary criterion for diagnosis [86].

The physical findings vary, mostly according to patient age and duration of disease. In infants and 
young children, the most common areas affected are the antecubital and popliteal fossae. The lesions 
present as eczema: erythematous areas of weeping pustules that crust over. In more advanced cases, 
these pustules will coalesce into open areas of weeping skin, which are prone to secondary infection. 
The disease then spreads to involve other areas of the body, namely the cheeks, chin, and forehead. 
Importantly, the diaper area and nose are almost never affected, and their involvement during an 
evaluation should strongly suggest an alternate diagnosis. The child is frequently seen rubbing at the 
areas, suggesting pruritis. Elsewhere on the skin, non-eczematous areas are generally xerotic, show-
ing flaky or cracked skin.

As the child ages, the lesions can become chronic, and skin thickening may develop over the 
affected areas due to repeated and excessive rubbing [87]. Into adulthood, the areas take on an 
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 erythematous appearance, with thin, dry, and scaly skin [88]. Skin folds tend to be increased or pro-
nounced. The eyelids and facial skin are representative of this change. In adults, frequently the skin 
becomes taut, and subsequent cicatricial ectropion can occur. The anterior lid margin can become 
involved with flaking of the skin resulting in increased lid scurf [89]. Ocular involvement usually 
presents in the form of atopic conjunctivitis. There are fine papillae on the tarsal conjunctiva. 
Subepithelial fibrosis may ensue in poorly controlled or aggressive cases. Posterior capsular or ante-
rior shield-shaped lens opacities have been reported [88].

Topical therapy remains the first-line treatment. Barrier moisturizers, topical steroids, and steroid- 
sparing agents such as tacrolimus are all considered primary tools in achieving stability of the disease. 
Typically, when remission is achieved, patients are well advised to continue moisturization, and occa-
sionally consider weekly application of topical steroids to avoid relapses [90]. Regimens are individu-
ally based, depending on response to therapy and side-effect profiles [91]. Topical long-term high-dose 
steroid therapy is associated with skin thinning, an important consideration for the ophthalmologist 
considering the already thinner skin of the lids. In children, recalcitrant disease despite therapy should 
warrant consideration for food allergies. Consultation with a pediatric allergist is likely warranted 
[92]. For systemic therapies, immunomodulators are considered. Cyclosporine, methotrexate, aza-
thioprine, and mycophenolate mofetil are all advocated as being effective at controlling disease [93]. 
Currently, the biologic agent dupilumab is the only FDA-approved biologic to combat atopic derma-
titis, with a litany of additional agents being actively investigated [94]. If systemic disease is present, 
or systemic therapy warranted, coordination with dermatologic, rheumatologic, or allergic specialists 
is advised.

 Ichthyosis

Ichthyosis is an umbrella term for a spectrum of dermatologic diseases, all characterized by hyper-
keratosis and scaling. A majority of these diseases are congenital and inherited in a Mendelian fash-
ion. There have been more than 30 alleles identified as having mutations resulting in ichthyosis [95]. 
Pathologically, all congenital forms of ichthyosis involve abnormal development of the two outermost 
layers of the epithelium: the stratum granulosum and stratum corneum [96]. In ichthyosis, hyperpro-
liferation, inappropriate aggregation, or delayed shedding of cells lead to an accumulation of skin, 
resulting in macroscopic phenotypic findings, which vary due to the underlying genetic defect unique 
to each entity [95]. In addition to the congenital entities, ichthyosis can be a clinical finding in larger 
syndromic diseases, or secondary to other disease processes. The plethora of individual diseases, 
underlying genetic characteristics, clinical findings, or primary causes in the cases of secondary dis-
ease are beyond the scope of this chapter. This section will therefore focus on those most commonly 
associated with the eye in general, and the lids in particular.

Ichthyosis vulgaris (IV) is the most common genetic variant, affecting approximately 1  in 300 
individuals [97]. Findings of the disease present within the first year of life, uniformly demonstrating 
hyperkeratosis of the soles and palms. The torso and extensor surfaces are commonly affected [98]. 
Eyelid involvement is typically manifested as scaling of the eyelids and lashes. Congenital ichthyosi-
form erythroderma (CIE) is an autosomal recessive disease that is much less common. Patients suffer-
ing from CIE frequently present at birth as “collodion” babies, referring to the tight membrane 
surrounding the infant following delivery. Eyelids of CIE patients are similar to those with IV, with 
the scales being finer and whiter [97]. Additionally, they may have madarosis, posterior blepharitis, 
and upper lid ectropion [99].

Lamellar ichthyosis is another autosomal recessive variant, with possibly the most significant eye-
lid findings. In addition to being collodion babies, there is dramatic shortening of the anterior lamellae 
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with resultant ectropion of both the upper and lower lids. Additionally, there is significant meibomian 
gland dysfunction and dropout [100]. The conjunctival and corneal disease of these patients is a direct 
extension of exposure and evaporative tear dysfunction, resulting in keratitis, melt, perforation, or 
vascularization. Epidermolytic hyperkeratosis is autosomal dominant, with highlighting features 
including more erythematous lesions with skin fragility and blistering. Due to frequent breakdown of 
the skin of these patients, secondary bacterial infections are of increased concern. The disease tends 
to decrease in severity with age [97].

In all cases, the diagnosis is frequently made due to the overt skin changes, with subsequent genetic 
testing revealing the underlying defect. Other non-skin system involvement would point an ophthal-
mologist in the direction of one of the many syndromes that include ichthyosis (KID, Sjogren-Larsson, 
IAFP, Refsum, etc.). Presentation is usually at or shortly after birth; therefore, any patient presenting 
at a later age should strongly suggest either mild or acquired disease [101].

Treatment of the eye is typically directed toward lid disease and protection of the ocular surface. 
Prophylactic lubrication, even in the absence of active corneal disease, is paramount given the high 
risk of future breakdown. Frequent preservative-free tears or ophthalmic ointment should be advo-
cated. Moisture chambers, especially while sleeping, should be considered for any patient with sig-
nificant ectropion, poor Bell’s, or incomplete lid blink [102]. Therapy directed at the lids consists of 
moisturization and mechanical desquamation. Gentle lid massage can both relax the anterior lamellae 
and manually debride excess skin, thus allowing the lids to conform to a more normal contour [103]. 
Five or 10% N-acetylcysteine can be used topically, as it has anti-proliferative effects and likely leads 
to decreased epithelium formation. Studies have demonstrated excellent efficacy and even resolution 
of ectropion with its use, often in conjunction with the keratolytic 5% urea cream [104].

Surgical interventions are commonly deployed to alleviate disease burden. Hyaluronic acid filler 
can be considered a less invasive option than skin grafting; however, it is generally considered a tem-
porizing measure until a more definitive procedure is done [105]. As with any surgical correction of 
cicatricial ectropion, the goal is to improve lid functionality and protection of the globe. Autologous 
skin grafts remain the most common surgical approach, with mucous membrane and transposition 
flaps also being reported [99].

 Graft-Versus-Host Disease

In the modern era, bone marrow or peripheral blood transplantation has become an invaluable tool in 
the treatment of hematologic malignancies or disorders. Broadly defined as autologous (the patient 
receiving his/her own cells) or allogenic (from a matched donor), cells are harvested from either the 
bone marrow, peripheral blood, or umbilical cord. However, colloquially, the term bone marrow trans-
plant (BMT) has evolved to encompass all of these techniques. These cells are then transplanted into 
the recipient patient, usually after they have undergone a regimen to remove all native blood cells 
(conditioning) [106].

Graft-versus-host disease therefore represents an immune response whereby the transplanted cells 
attack the recipient tissue. It occurs with allogenic transplantation. A series of risk factors exist that 
increase the chances of GVHD, including female donor cells transplanted into male recipients or 
advanced age of the recipient [107]. Additionally, patients who receive peripheral blood transplants 
tend to have a higher risk of GVHD when compared to bone marrow recipients [108]. There is any-
where from a 10–90% prevalence for developing ocular GVHD [109]. Such a large range is likely due 
to several factors, such as inclusion criteria, duration of observation, and newer pre-BMT treatment 
modalities, which decrease the risk of GVHD. Nevertheless, this disease represents a significant mor-
bidity of BMT.
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Classically, GVHD has been described as being acute or chronic. Acute GVHD is defined as occur-
ring within the first 100 days after BMT, and chronic occurring after the first 100 [110]. This timeline 
is arbitrary, however, and a more accurate delineation can be explained histopathologically. Acute 
GVHD involves infiltration of T cells into the tissue of the skin, GI tract and liver, causing necrosis 
and in the case of the GI tract, biliary obstruction [111]. Rarely lung or vascular involvement can 
occur [109].

Acute ocular GVDH involves infiltration of the lacrimal gland, causing “stasis” of tears due to 
obliteration of the lumen of the gland, resulting in severe aqueous tear deficiency [112]. The skin of 
the face and eyelid may become involved, with varying degrees of severity. Typically, a morbilliform 
maculopapular rash or erythroderma may occur. Outright desquamation, clinically indistinguishable 
from toxic epidermal necrolysis, is a feared outcome [113]. Desquamating eyelids may evolve into 
cicatricial ectropion. The meibomian glands can become hyperemic, with gland dropout and accom-
panying evaporative tear dysfunction [114]. Conjunctival manifestations of acute ocular GVDH 
exhibit hyperemia and chemosis, or outright epithelial sloughing with pseudomembanes and possible 
symblepharon formation. The eyelids may have resultant entropion. The cornea is usually affected 
secondarily by sicca due to loss of lacrimal gland function, but itself may suffer from epithelial 
sloughing leading to melt and perforation [110]. Posterior subcapsular cataracts can also be seen, but 
it is unclear if this represents GVHD, or is a side effect from systemic medications, particularly ste-
roids [106].

Chronic GVHD is characterized by fibroblastic infiltration into the tissues, resulting in atrophy. 
The meibomian gland structures of the lids can become completely obliterated [115]. Of particular 
importance for chronic management, the lacrimal gland can become severely affected, and it is 
assumed that the injury is irreversible [116]. Chronic erythema and congestion of the lids can lead to 
nasolacrimal duct obstruction. While this may be generally thought of as helpful in the treatment of 
dry eye disease, obstructions can happen more distally, resulting in episodes of dacryocystitis [117]. 
Treatment of ocular GVHD is targeted primarily at protecting the ocular surface, through reducing 
inflammation and lubrication. While acute ocular GVDH is uncommon, it unfortunately carries with 
it a poor prognosis for survival [118].

For acute ocular and systemic GVHD, systemic steroids remain the treatment of choice. However, 
even with high-dose steroids, there is only a 50% response rate, and non-responders have a dismal 
5-year prognosis [119]. Because the pathology of acute GVHD is so interlinked with T-cell activity, 
extracorporeal photophoresis has been advocated as rescue therapy for steroid resistant disease, or as 
adjuvant therapy [120]. For strictly acute ocular disease, systemic therapy is not warranted. In the 
event of conjunctival or corneal sloughing, protection with bandage contact lens has been advocated, 
but judicious use of antibiotics is necessary, as is close follow-up [121]. Amniotic membrane is a 
therapeutic option in the event of conjunctival or corneal epithelium loss. Self-retaining amniotic 
rings can be considered for corneal disease; however, if there is concern for symblepharon formation, 
suturing of amniotic membrane to the tarsal conjunctiva and placement of a symblepharon ring should 
be considered. This has demonstrated efficacy in the setting of Stevens-Johnson syndrome, which 
follows a similar course [122].

For acute and chronic ocular GVHD, intensive tear replacement therapy is warranted, including 
frequent application of preservative-free artificial tears and lubricating ointments. Punctal occlusion 
may be considered; concomitant punctal stenosis may make sizing of plugs difficult, at which point 
cautery may be an option. Topical cyclosporine A 0.05% BID should also be considered for its effect 
against T cells and general anti-inflammatory properties. However, unlike Sjogren’s syndrome, it 
should not be anticipated to improve Schirmer’s [106]. Autologous serum eyedrops at 20% concentra-
tion used four times daily has also been shown to be beneficial to GVHD patients for their anti- 
inflammatory properties [123]. Topical N-acetylcysteine can aid in the treatment of filamentary 
keratitis. Meibomian gland disease is treated with warm compresses, baby shampoo lid scrubs, fish or 
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flax seed oil, and doxycycline for its ability to inhibit matrix metalloproteinase [124]. Scleral lenses 
have shown promise in providing comfort in severe cases, as they allow the surface continuous hydra-
tion and desiccation protection [125]. Entropion or ectropion repair is advised to further protect the 
ocular surface, provided the primary conjunctival or skin disease is well controlled.

 Epidermolysis Bullosa

Epidermolysis bullosa (EB) is a related group of inherited disorders, all with a common underlying 
pathology of stress-induced blistering of the skin. Pathologically, there is impaired connectivity of 
skin cells, with characteristics unique to the depth of involvement. Epidermolysis bullosa simplex is 
caused by a defect in either keratin 5 [126] or 14 [127], and results in intraepidermal splitting. 
Junctional EB occurs at the level of the lamina lucida and is usually defective in laminins [128]. 
Dystrophic EB, inherited in either an autosomal dominant or recessive fashion, affects the area below 
the lamina densa, and usually represents a defect in Type VII collagen [129]. While their underlying 
genetic abnormalities and specific phenotypic expressions are beyond the scope of this chapter, those 
affecting the eyelid and eye surface are worthy of attention. EB simplex almost never involves the eye 
or surrounding tissues and tends to have the mildest course of all EB variants. A particular subtype of 
EB simplex called Dowling-Meara syndrome can involve the eye, with conjunctival bullae and eyelid 
inflammation being typical [130].

Junctional EB has the potential to develop blisters in the periocular area, leading to cicatricial 
ectropion and corneal exposure, with its accompanying complications. Furthermore, recurrent corneal 
erosions and associated scarring may occur [131]. Dystrophic EB is further divided into autosomal 
dominant vs. recessive. Dominant disease rarely, if ever, involves the eye, whereas recessive dystro-
phic EB has the most severe ocular manifestations. Cicatricial ectropion, recurrent erosions, limbal 
stem cell deficiency, symblepharon, and corneal neovascularization have all been reported [132].

Diagnosis is typically made using a combination of skin biopsy and genetic testing. A blister is 
elicited by rolling a pencil eraser over the patient’s skin to develop a fresh blister. A biopsy is then 
taken and using electron microscopy, the level of separation can be visualized. Furthermore, immuno-
fluorescence can aid in determining the level of involvement, and demonstrate the absence of certain 
adherence molecules [130]. Genetic testing will help reveal the underlying abnormality, but at present 
there are no successful gene replacement therapies available.

Treatment at this point remains supportive. For corneal erosions, frequent application of 
preservative- free tears and nighttime ointment should be encouraged. Due to the underlying genetics, 
corneal resurfacing procedures are generally ineffective, and long-term bandage contact lens wear 
may provide more symptomatic relief for the patient. Close follow-up is warranted in these cases to 
avoid contact lens–associated bacterial infections. Symblepharon formation can be treated similarly 
to other etiologies, with lysis of the adhesions and forniceal reconstruction either by mucosal grafting 
or by amniotic membrane transplantation [132]. Patients with limbal stem cell deficiency are potential 
candidates for either transplantation or keratoprosthesis. Cicatricial ectropion can be repaired with 
skin grafting, although wound healing is difficult in these patients, and so reoperations are common.

 Pemphigus

Pemphigus is a group of related autoimmune diseases, all with the clinical manifestations of blistering 
of the skin and mucous membranes. The majority of cases have an underlying genetic predisposition: 
however, associations with neoplastic diseases and certain drug use have been well documented. All 
are characterized by IgG autoantibodies directed against proteins responsible for intercellular 
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 adherence, namely, desmoglein [133]. Pemphigus vulgaris (PV) is the most common of these dis-
eases, representing about 70% of all pemphigus cases [134]. Age of onset is between 40 and 60 years 
of age, with parity between the sexes and races [135]. Typically, PV presents with oral mucosal 
lesions that blister, denude, and are prone to secondary infection. The disease then spreads to include 
the skin, particularly the face, scalp, upper extremities, and groin [136]. The lesions appear as thin-
walled bullae, which are easily ruptured. Lateral extension of the bullae with pressure is characteristic 
(Nikolsky’s sign). The ruptured bullae then heal slowly. Pemphigus foliaceus presents in a similar 
fashion; however, the blisters are more superficial and therefore break easily.

Exfoliative findings on the skin are more prominent, and the mucous membranes are rarely involved 
[137]. Paraneoplastic pemphigus is usually associated with hematologic neoplasms, particularly non- 
Hodgkin lymphoma or chronic lymphocytic leukemia. However, solid organ tumors including colon, 
pancreatic, lung, breast, and others have been reported [138]. The mucous membrane involvement in 
paraneoplastic pemphigus tends to be the most severe, with up to 70% of patients having conjunctival 
disease [139]. Drug-induced pemphigus is caused by an ever-expanding list of medications. The clas-
sic example is penicillamine. Drugs containing either a thiol or phenol moiety are the most likely 
culprits. The disease is usually limited to the skin, and is preceded by annular erythema or urticarial 
rash, followed by more classic lesions [140]. Histologically, immunofluorescence demonstrates IgG 
deposition in the intercellular space in all patients.

For PV, the area of involvement is just above the basal epithelial cells. Separation of the skin in 
pemphigus foliaceus is intraepidermal, explaining the clinical finding of more superficial blisters 
[141]. Eyelid involvement can result in lid notching, trichiasis, and cicatricial ectropion. Lesions 
affecting the lid margin can cause blepharitis [142]. Pemphigoid foliaceus may have extensive scaling 
and lid margin keratinization [143]. The conjunctiva, when involved, can range from refractory con-
junctivitis to epithelial sloughing and cicatricial disease. The cornea is usually only secondarily 
affected due to exposure or tear film instability. The mainstay of therapy is systemic steroids accom-
panied by a steroid-sparing agent, usually azathioprine. However, mycophenolate mofetil or cyclo-
phosphamide can be considered in patients intolerant of azathioprine [133]. For severe disease, IVIG 
can be implemented [144]. Rituximab, the anti-CD20 inhibitor, has shown promise as an alternate 
therapy [145].

Acute conjunctival involvement requires debridement of necrotic tissue and if necessary, place-
ment of a symblepharon ring to present cicatrization [146]. In the case of foliaceus, lid scrubs and 
warm compresses can help delay keratinization of the lid margin. Frequent use of artificial tears and 
lubricants can aid in protecting the cornea from exposure. Correction of trichiasis includes epilation, 
either manual (temporary) or via cryotherapy or electrolysis (permanent) [147]. Any correction to lid 
shortening from the disease should only be performed during quiescence, rather than risk reactivation 
of the disease [148]. With the advent of high-dose steroid and anti-inflammatory therapy, mortality 
from pemphigus has dropped from 90% to 10% [133].

 Pyoderma Gangrenosum

Pyoderma gangrenosum is a rare autoimmune disease typified by ulcerating lesions. The classic lesion 
is a pustule that ulcerates centrally and extends peripherally with a violaceous border. Other appear-
ances including ulcerative, bullous, or vegetative have been described [149]. The etiology is not well 
understood, but appears to be dysregulation of the immune system. Poor trafficking of neutrophils and 
aberrant T-cell function have been postulated as potential underlying culprits [150]. Nevertheless, the 
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lesions typically present at an area of trauma (pathergy) including surgical wounds [151]. The disease 
affects approximately 10 people per million. Women are affected at a slightly higher rate than men, 
with the age range reported between 20 and 50 [152]. Associated systemic diseases include inflamma-
tory bowel disease, myeloproliferative disorders, and rheumatoid arthritis [153]. Histopathologic 
findings are somewhat nonspecific. Neutrophil infiltration is the most consistent finding, with necrosis 
of the tissue and a chronic inflammatory infiltrate also commonly being observed. Clinical suspicion, 
therefore, must be very high in order to achieve a proper diagnosis.

Eyelid manifestations are similar to those elsewhere on the body. Although eyelid and ocular 
involvement are rare, the consequences are quite severe, and therefore rapid diagnosis is key, as ther-
apy is effective at inducing remission. Case reports in the literature have demonstrated periocular skin 
disease, peripheral ulcerative keratitis, orbital involvement, and scleritis. Five case reports ended with 
loss of the eye, and another 9 were left with permanent visual deficits [154]. High-dose oral steroids 
are the first-line treatment, with a steroid-sparing agent either starting shortly after or concomitantly 
[155]. Azathioprine, dapsone, or oral cyclosporine are all possibilities. Surgical repair must if at all 
possible be delayed until after control of the disease, as this may exacerbate the ulcerative process. 
With treatment, the prognosis is quite good; however, the rate of recurrence after cessation of therapy 
have been reported to be as high as 40% [156].

 Acrodermatitis Enteropathica

Acrodermatitis enteropathica is an autosomal recessive disorder characterized by poor absorption of 
zinc from the GI tract [157]. The initial manifestations occur at or shortly after birth. Scaly plaques, 
eczematous or vesicular lesions erupt on the digits, face and eyelids, or inguinal area [158]. Infants 
will also show failure to thrive, irritability, and increased susceptibility to fungal infections. Skin 
infections are of particular importance, due to the chronic open areas. Additionally, as zinc is an 
important cofactor for multiple enzymes, patients frequently present with an immunocompromised 
status [159]. The differential diagnosis in an infant with such facial lesions can be extensive, including 
congenital herpetic infection, epidermolysis bullosa, atopic dermatitis, or congenital celiac disease, 
among others [160]. Therapy includes zinc supplementation [161]. Dramatic improvement of the skin 
appearance is observed within the first 48 hours of oral therapy initiation [162].

 Infectious Diseases

Certain infectious processes have specific eyelid findings. Some, such as Demodex infestation, are 
mild and typically limited to the face. Others, such as herpes zoster virus (HZV), can be severe and 
affect any location on the body. This section will briefly cover the most common infectious sources of 
lid disease, specifically their unique findings and treatment recommendations.

Demodicosis infestation can involve either the Demodex folliculorum or Demodex brevis organ-
ism. There is a gradient of infestation, as colonization with the mites is nearly universal by the age of 
70 [163]. Therefore, pathology is likely related to over-infestation rather than their simple presence. 
D. folliculorum typically infests the lashes, causing an anterior blepharitis. The mite burrows into hair 
and lash follicles [164]. Its presence creates a characteristic cylindrical dandruff at the base of the 
lash, which is pathognomonic. D. brevis occupies the meibomian and sebaceous glands. Infestation 
with D. brevis causes a posterior blepharitis, with marginal erythema, keratinization, and recurrent 
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chalazia [165]. Chronic infestation can cause conjunctivitis and inferior keratitis with pannus [166]. 
Demodex infestation has been proposed to be an underlying factor in rosacea [167]. Therapy consists 
of lid scrubs with baby shampoo to debride the lash collarettes. Fifty percent tea tree oil has been 
shown to be effective at controlling the disease; however, this can cause significant eye irritation 
[168]. Lower concentrations have been proven to be effective. Terpinen-4-ol has recently been dem-
onstrated to be the most active ingredient in tea tree oil and is available as  a prepared lid wipe 
(Cliradex) [169]. While independent investigations have demonstrated reduced Demodex counts with 
its use, it has yet to be FDA approved [170]. Topical and oral ivermectin have been shown to be effec-
tive for demodicosis of the facial skin.

Angular blepharitis is typically caused by the bacterium Moraxella lucanata. The lateral, or in 
some cases medial, canthus and eyelid are affected. The skin is erythematous, fissured, and scaly. 
There can be an associated conjunctivitis. Culturing is not necessary; however, viral infections such 
as HZV or herpes simplex virus (HSV) should be ruled out. Treatment involves lid scrubs and warm 
compresses. Additionally, topical antibiotic preparations such as erythromycin or bacitracin can be 
helpful. In the case of severe or refractory disease, oral tetracyclines, such as doxycycline hyclate, can 
be used [171].

HSV type 1 (and occasionally HSV type 2) can present as a blepharoconjunctivitis. It can occur 
either during the primary infection or at recurrences. A vesicular eruption occurs over the eyelid, 
usually confined to the periorbital tissue [172]. These vesicles then rupture and crust over, healing 
without scarring over 2–3  weeks. There can be an associated conjunctival papillary reaction. 
Corneal findings at the time of primary infection are usually mild and consist of punctate keratitis 
[173]. Secondary infections have a similar appearance on external exam, but there is increased 
likelihood of stromal or endothelial corneal disease. Other HSV ocular manifestations are protean, 
and include anterior uveitis, iris atrophy, vitritis, and acute retinal necrosis (ARN) [172]. Treatment 
for eyelid manifestations, especially in the presence of conjunctival or corneal disease, may 
include oral acyclovir 400 mg 5 times daily or oral valacyclovir 500 mg three times daily. Distortion 
of eyelid anatomy is rare; however, long-term risk for corneal disease should be of concern.

HZV can also present with a blepharoconjunctivitis; however, the findings are usually are more 
prominent [174]. Primary infection usually occurs during childhood as chickenpox (varicella). The 
virus then remains dormant in the trigeminal nerve ganglion. Reactivation can occur at any time later 
in life but is most common in the sixth decade. Episodes typically initiate as a prodrome of fever and 
malaise. Next, a maculopapular rash on an erythematous base occurs along the V1 dermatome [175]. 
The lesions rapidly progress to vesicles which rupture, crust, and form into eschar.

Pain is usually a prominent symptom, although in more elderly patients the lesions may be 
totally asymptomatic. As lesions heal, normal lid anatomy may become distorted, with trichiasis, 
ectropion, entropion, or punctal stenosis all possible. Corneal involvement is frequently seen, par-
ticularly with nasociliary branch involvement, which causes vesicle eruption on the tip of the nose 
(Hutchinson’s sign) [174]. Corneal disease can vary from punctate keratitis to stromal infiltrates, 
geographic ulcers, melt, and perforation. Other intraocular findings include uveitis, sectoral iris 
atrophy, retinitis, or vasculitis [176]. Therapy consists of oral acyclovir 800 mg 5 times daily or oral 
valacyclovir 1 gram 3 times daily. Rapid initiation of antiviral therapy has been shown to reduce the 
risk of postherpetic neuralgia, which can be extremely debilitating and recalcitrant to pain therapy 
once established [177].

A summary of the common eyelid findings in systemic diseases is presented in Table 3.1.
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 Introduction

Blepharitis is a common chronic ophthalmologic condition characterized by inflammation of the eye-
lid margins associated with symptoms of eye redness and irritation. It occurs in people of all ages, 
ethnicities, and in either sex. Classification schemes have included anatomic location, duration/chro-
nicity, and etiology [1, 2]. The overlap of symptoms and signs and the association with dermatologic 
conditions including rosacea, seborrheic dermatitis, and eczema can lead to misdiagnosis, underre-
porting of the condition and variable management protocols with variable outcomes. More severe and 
chronic eyelid disease can be a risk factor for corneal inflammatory disease and associated vision loss. 
Many cases of chronic blepharitis are also associated with evaporative dry eye disease (EDED) and 
meibomian gland dysfunction (MGD) [3, 4].

The complex multifactorial nature of chronic blepharitis includes inflammatory, infectious, and 
allergic mechanisms. This demands a structured and comprehensive multi-step approach to the diag-
nostic evaluation of blepharitis utilizing both subjective and objective measures. The sequence of 
testing is also important and will be outlined in this chapter. Consideration must also be given to 
normal changes in the eyelid and ocular surface physiology that occurs with age [5, 6].

 Definitions and Classification

The International Workshop on MGD in 2011 established the following definition of MGD: “a 
chronic, diffuse abnormality of the meibomian glands (MGs), commonly characterized by terminal 
duct obstruction and/or qualitative and quantitative changes in the glandular secretion, which may 
result in alteration of the tear film, symptoms of eye irritation, clinically apparent inflammation, and 
ocular surface disease” [2, 7].

Dry eye disease (DED) has also been defined as “a multifactorial disease of the ocular surface 
characterized by a loss of homeostasis of the tear film and accompanied by ocular symptoms in which 
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tear film instability, hyperosmolarity, ocular surface inflammation and damage, and neurosensory 
abnormalities play etiological roles” [3].

The most current classification system comes from the International Workshop on MGD: in the 
report of the Definition and Classification Subcommittee, the term “blepharitis” refers to inflamma-
tion of the eyelid as a whole, whereas marginal blepharitis refers to inflammation of the lid margin and 
includes anterior and posterior blepharitis [1].

Anterior blepharitis refers to inflammation anterior to the gray line and is associated with eyelash 
inflammation often associated with squamous debris and collarettes. It can be further categorized as 
staphylococcal or seborrheic types [8]. Staphylococci may alter meibomian gland secretion and cause 
blepharitis via various mechanisms [9–11]. The seborrheic type is characterized by dandruff-like skin 
changes and greasy scales around the base of the eyelids [8–12].

Posterior blepharitis refers to inflammation associated with the posterior lid margin and may 
include meibomian gland dysfunction (MGD), conjunctival inflammation, and other causes [7, 13–
20]. MGD describes a chronic and diffuse inflammation of the meibomian glands commonly associ-
ated with terminal duct obstruction and/or abnormalities of the meibum secreted. The new classification 
system proposed by the International Workshop on MGD differentiates the different MGD subgroups 
on the basis of the level of secretion (see below). Obstructive MGD is the most common and consti-
tutes the focus of the overview of the pathophysiology of MGD discussed below. This also introduces 
the role of MGD in the pathophysiology of evaporative dry eye (EDE) [1] (see below).

 Pathophysiology

Blepharitis is a complex disorder involving interplay between the eyelids, meibomian glands, ocular 
surface, and lacrimal gland [13]. Altered lipid composition in gland secretions leads to instability of 
the tear film [18]. The abnormal secretions also have both a direct toxic effect on the ocular surface 
[21]. Additionally, because the microbiota of the tear film is dependent upon proper meibomian gland 
function, a proliferation of pathogenic microbes takes place [17, 18, 22, 23]. The altered tear film 
integrity and the proliferation of these organisms lead to a generalized inflammation of the ocular 
surface. Long-term inflammation leads to gland dysfunction, hyper- keratinization, and fibrosis. 
Hyper-keratinization, therefore, is an early finding in patients with posterior blepharitis, and diagnos-
ing and grading this change is critical to staging the severity of the disease [24, 25]. These changes 
result in worsening meibomian gland function, perpetuating the cycle (Fig. 4.1).

Underlying inflammatory skin conditions such as rosacea and seborrheic dermatitis may cause 
posterior blepharitis, though these conditions commonly occur in their absence [13, 14, 26]. Chronic 
infection may also play a role in posterior blepharitis, although it is less well studied than in anterior 
blepharitis [27]. Other possible causes of blepharitis include contact (allergic) dermatitis, eczema, and 
psoriasis. Contact blepharitis is an acute inflammatory reaction of the skin of the eyelids, usually 
occurring as a reaction to an irritant [5]. Demodex folliculorum and Demodex brevis have been associ-
ated with posterior blepharitis [10, 28].

Epilation of the eyelashes for microscopic examination to detect Demodex mites is warranted when 
the clinical presentation (e.g., presence of cylindrical dandruff or “sleeves” on the eyelashes) is sug-
gestive of this diagnosis or when there is severe or refractory blepharitis [11]. This is done by placing 
the eyelashes on a glass slide and then examining the organism under a cover slip after a drop of fluo-
rescein has been added.

The etiology and pathophysiology of blepharitis differ based on the type of eyelid inflammation 
(posterior versus anterior). However, there is considerable overlap between these categories 
(Table 4.1). The remainder of this chapter will focus predominantly on MGD and the diagnosis and 
evaluation of this condition.
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Fig. 4.1 The pathophysiologic cycle for meibomian gland dysfunction is a complex one. Multiple factors lead to 
obstruction and atrophy of the meibomian glands including inflammation, bacterial growth, aging, external factors 
including environment and contact lenses. (Nichols et al. [2])

Technique Lid region Grading scheme
Meiboscopy LL 0 = no dropout

1 = ≤33%
2 = 34–66%
3 = ≥67%
Percent of partial or total gland dropout
Separate measurement over the nasal  
and temporal halves of the lower lid

Meibography 
(contact; 
retro- illumination)

LL Total number of glands loss of eight 
central of the lower lid. Half gland loss 
was given a grade of 0.5
1 = normal
2 = gland visible w/decreased absorption
3 = acini atrophic; duct visible
4 = no structures visible

LL 0 = no dropout
1 = ≤50% dropout
2 = ≥51% dropout

LL Dropout: (nasal half; lower eyelid)
0 = no dropout
1 = ≤25%

(continued)

Table 4.1 Techniques for 
imaging the meibomian 
glands
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 MGD: Background

Asymptomatic MGD is unknown to the patient but can be diagnosed by the clinician based on expres-
sion of the meibomian glands. With mechanical expression, there may be decreased or absent expres-
sion or the quality of material expressed may be abnormal.

As the disease progresses, it tends to become more symptomatic. In addition to typical dry eye 
symptoms, symptoms of MGD may include redness and swelling of the eyelid margins as well as 
irritation of the eyelid margins. At this stage, there are clinical signs that can be observed including 
meibomian gland dropout (meibography), changes in meibomian gland expression (thickness, vol-
ume, quality), and changes in eyelid morphology [29–32].

Meibomian gland dropout is diagnosed using the technique of meibography. This was first 
described by Mathers where the meibomian glands were evaluated on the mucosal side of the eyelid 
by transillumination of light applied to the skin side of the lid [33]. With age, the meibomian gland 
structure became less visible using this technique. The newer meibography techniques utilize infrared 
photography after eversion of the eyelids. Gland dropout can also be measured by confocal micros-
copy [34]. While meibomian gland dropout slowly increases with age even in normal patients, there 
can be more significant dropout in patients with MGD and worsening disease [31, 35, 36].

With MGD, expression of meibum, the material within the glands, can be altered in quantity and 
quality. Plugging of the meibomian glands can lead to decreased secretion of meibum on digital 
expression. Korb and Blackie [37] described standards for meibum secretion using a device that 
applies a standardized force on digital expression (Fig. 4.2). Quality of meibum expression can range 
from clear oil in normal patients to toothpaste-like material in patients with severe MGD. These can 
be quantified into various grading schemes (Table 4.1).

Changes in eyelid margin morphology are also noted in MGD. Plugging or pouting of the lids may 
be noted due to obstruction of the ducts and accumulation of lipid and keratinized cell debris at the 

Table 4.1 (continued) Technique Lid region Grading scheme
2 = ≤50%
3 = ≤75%
4 = ≤100%

LL ≅ 15 glands Gestalt method
1 = no partial glands (PGs)
2 = <25% PGs
3 = 25–75% PGs
4 = >75% PGs

Noncontact LL and UL 0 = no loss,
1 = gland loss <33% of total area
2 = loss 33–66%
3 = > 67% loss
Scores of upper and lower lid summed
Scale range: 0–6

Confocal 
microscopy

LL and/or UL Acinar density: number of glands//mm2 
(based on 400 × 400 micrometer field) 
mean acinar diameter

Meibomian gland structure and dropout can be evaluated using meiboscopy, mei-
bography (contact and noncontact), and confocal microscopy. Several authors have 
described various methods of grading gland atrophy and dropout based on these 
imaging techniques. References to the studies used to compose this table can be 
found in the referenced paper by Tomlinson et al. [29]
LL lower lid, UL upper lid

R. Vasaiwala et al.



49

terminal ends. This has been identified as a pathognomonic clinical sign of MGD [25, 38]. The loca-
tion of the meibomian gland openings in relation to the mucocutaneous junction and the location of 
the mucocutaneous junction within the lids can also be altered. In non-cicatricial MGD, the meibo-
mian glands remain anterior to the mucocutaneous junction. With aging, the mucocutaneous junction 
moves anteriorly, thus making the gland orifices posterior to the junction. With cicatricial MGD, the 
orifices are displaced posteriorly across the mucocutaneous junction onto the conjunctiva. Cicatricial 
MGD can occur on its own, in conjunction with non-cicatricial MGD, or in association with other 
cicatrizing disorders such as trachoma and mucus membrane pemphigoid. Other eyelid structural 
features of MGD may include increased vascularity, telangiectasias, loss of gland opening architec-
ture, cystic changes, concretions, and chalazia [37].

When clinically assessing MGD, grading scales have been developed to quantify gland dropout 
and quality of gland expression. As mentioned earlier, gland dropout can be measured by meiboscopy, 
meibography, and confocal microscopy. Meiboscopy utilizes lid transillumination with clinical obser-
vation, while meibography uses photo-documentation. Meibography is a more objective measure than 
meiboscopy [23, 25, 35].

Several grading scales have been developed and proposed using meiboscopy and meibography 
findings (Table 4.1). Pflugfelder et al. and others used a 0–3 scale and estimated partial or total gland 
loss in each of the nasal and temporal halves of the lid using meiboscopy [31, 39]. In this scale, 0 was 
no gland dropout, 1 was 1–33%, 2 was 34–66%, and 3 was greater than or equal to 67% dropout. 
Mathers et al. used meibography to measure the total number of glands lost within the central eight 
glands of the lower lid [40]. Fifty percent gland loss was given a grade of 0.5. Using meibography, 
Shimazaki et al. came up with a grading scale of 0–2 with 0 being no dropout, 1 < 50% dropout, and 
2 being >50% dropout [41]. De Paiva et al. used a scale of 0 to 4 with 25% increased gland dropout 
at each level [42]. The study of Nichols et al. helped to validate the method of meibography and dem-
onstrated repeatability and interobserver reliability of the technique [7]. Arita et al. used noncontact 

Fig. 4.2 Korb stimulator applies 
a standardize force to digitally 
express the meibomian glands and 
evaluate the quality of the 
meibomian gland oil. (Reference: 
Courtesy of Charles Bouchard, 
MD)
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images to determine a score for each the lower and upper lids from 0 to 3 with 0 being no loss, 1 being 
<33% glans area loss, 2 being 33–67% loss, and 3 being >67% loss [24]. The score for each lid was 
summed, and the total score was known as the meiboscore. Image J can also be used to quantitate the 
gland loss [34].

Several grading scales have been developed to quantify the appearance of the expressed oil 
(Table 4.2 and Fig. 4.3). The scores in these systems are 0, clear; 1, cloudy; 2, cloudy with particles; 
3, inspissated. Using these scales, there are two ways to calculate a score. One method uses the high-
est score measured for any of the glands. The second method uses a composite score, which is the sum 

Table 4.2 Grading meibomian gland expression

Technique Study details Lid region Grading scheme Reference
Meibum characteristics
Firm digital 
pressure

Volume of expressed 
meibum

Central eight 
glands of 
lower eyelid

0 = normal volume. Just covers 
orifice
1 = increased to 2 to 3 times normal
3 = increased more than 10 times

Mathers et al. [33]

Firm digital 
pressure

Viscosity of 
expressed meibum

Central eight 
glands of 
lower eyelid

1 = normal, clear, may have a few 
particles
2 = opaque with normal viscosity
3 = severe thickening (toothpaste)

Mathers et al. [33]

Firm digital 
pressure

Volume and viscosity 
of expressed meibum
Clinic based; referred 
for dry eye or 
blepharitis
M = 513 total;
N = 76 normal 
women (used to 
define aqueous 
deficiency)

Central eight 
glands of 
lower eyelid

Obstructive:
  Viscosity ≥3 (1, clear; 2, slightly 

opaque; 3, thick, opaque; 4, 
toothpaste)

  Avg. lipid volume: ≤0.3 mm 
(diameter of expressed lipid in 
millimeters)

  Dropout: >0 (presumably 
examined central eight glands; 
includes 1/2 and whole glands)

Seborrheic:
  Viscosity: no criteria
  Avg. lipid volume: >0.7 mm

Mathers et al.  
[33, 40]

Meibum quality and expressibility
Firm digital 
pressure

Quality of meibum Number of 
glands not 
stated
UL or LL

0 = clear fluid
1 = cloudy fluid
2 = cloudy particulate fluid
3 = inspissated, like toothpaste

Bron et al. [83]

Firm digital 
pressure

Expressibility of 
meibum from five 
glands

UL or LL 0 = all glands expressible
1 = 3–4 glands expressible
2 = 1–2 glands expressible
3 = no glands expressible

Pflugfelder et al. 
[39]

Standardized 
application of 
pressure

Expression applied to 
a set of about eight 
glands

Nasal, 
central, and 
temporal lid

The MGYLS score is the number 
of meibomian glands out of 8, 
yielding liquid secretion

Korb and 
Blackie [37]

Meibum expressibility
Variable digital 
pressure

Gentle or forceful 
expression

LL Analysis of expressed secretion Henriquez and 
Korb [85]

Variable digital 
pressure

Expressibility of 
meibum

LL 0 = clear meibum, easily expressed
1 = cloudy meibum, easily 
expressed
2 = cloudy meibum expressed with 
moderate pressure
3 = meibum not expressible, even 
with hard pressure

Shimazaki et al. 
[84]
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of the scores for each gland expressed. The International Workshop Diagnosis Subcommittee recom-
mends the latter method.

The expressibility of the glands has also been graded using a standard force applied to one or more 
glands [37]. Morphologic changes in the lids have also been graded in various ways, Arita et al. gave 
scores for the presence or absence of margin irregularity, lid margin vascular engorgement, orifice 
plugging, and anterior or retro- placement of the mucocutaneous junction, giving a score of 0–4 [24].

 Clinical Evaluation and Diagnostic Testing

The following is a suggested standardized sequence of ocular surface clinical and diagnostic assess-
ments, which should provide valuable diagnostic quantitative information to properly assess blepha-
ritis and meibomian gland-related ocular surface disease.

 Overview

 1. Patient History
 2. Review of Symptoms (ROS)
 3. Symptom Questionnaire
 4. Blink Rate (BR), Incomplete Blink Rate (IBR), Maximum Blink Interval (MBI)
 5. External Examination
 6. Tear Osmolarity
 7. Meibography
 8. Anterior Eye Assessment
 9. Tear Film Assessment
 10. Noninvasive Tear Breakup Time (NITBUT)
 11. Tear Meniscus Height (TMH)

Table 4.2 (continued)

Technique Study details Lid region Grading scheme Reference
Variable digital 
pressure using the 
Shimazaki schema

Measurement of lid 
morphology, 
expression, and 
meibography

See grading 
box

Lid margin:
  Irregular
  Vascular engorgement
  Plugged orifices
  Displacement of MCJ, score “1” 

for each present

Arita et al. [86]

Clinic based
  N = 53 obstructive 

MGD subjects
  N = 60 age- 

matched controls

Expressed meibum (upper eyelid):
  0 = clear, easily expressed
  1 = cloudy, mild pressure
  2 = cloudy, >moderate pressure
  3 = meibum not expressed, with 

hard pressure
Meibography: upper and lower 
eyelids, meiboscore summed (0, no 
loss; 1, gland loss <33% of total 
area; 2, loss = 33–66%; 3, ≥67% 
loss)

Several studies have looked at the quality and expressibility of meibomian gland oil using digital pressure and proposed 
various grading schemes. References to the studies used to compose this table can be found in the referenced paper by 
Tomlinson et al. [29]
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 12. Tear Volume Assessment
 13. Meibomian Gland Assessment
 14. Corneal Integrity Assessment
 15. Inflammatory Mediators

 Patient History
Evaluation of a patient with possible blepharitis should always begin with careful and complete 
patient history and intake. Thorough patient history includes nature of ocular symptoms, timing, fre-
quency, and triggers. It is imperative to understand what treatment modalities the patient has tried 
previously and whether or not these were successful [1, 13].

 Review of Symptoms (ROS)
A careful review of systems and complete medication list is essential in determining the etiology of 
blepharitis and ocular surface disease. Prior medical history including history of diabetes mellitus, 

Fig. 4.3 Upper left: Cloudy expression of meibum. Upper right: Cicatricial meibomian gland dysfunction with lid 
margin telangiectasia and orifice occlusion. Lower left: Cicatricial meibomian gland dysfunction with posterior dis-
placement of orifices. Lower right: Thickened “toothpaste-like” meibum. (Tomlinson et al. [29])
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obstructive sleep apnea, autoimmune disease (rheumatoid arthritis, systemic lupus erythematosus, 
scleroderma, etc.) are important. Past surgical history, especially ocular surgical history, can play an 
important role in the diagnosis and management of blepharitis and eyelid disease. Refractive surgery, 
like blepharitis, has been shown to be a cause of dry eye disease. Medication use, especially those 
applied topically to the ocular surface, can contribute to poor eyelid hygiene and blepharitis [43, 44]. 
Social history, namely that of smoking history, may also be an important contributor to the blepharitis 
disease process [45].

 Symptom Questionnaires (OSDI, DEQ-5, SPEED)
Questionnaires that measure the patient’s perception of ocular surface discomfort and visual discom-
fort can be very helpful when evaluating patients with possible blepharitis. These can be filled out by 
the patient at the start of the clinic visit or in the waiting room prior to the visit. These symptom 
screening surveys can help confirm that a patient has dry eye disease and signal the technician and 
physician to perform the battery of diagnostic tests for this condition. There are several validated 
questionnaires that focus on the patient’s self-reported symptoms [46, 47]. However, these question-
naires are not designed to distinguish between different types of ocular surface diseases.

Ocular Surface Disease Index (OSDI)
This standardized and frequently used survey includes 12 questions aimed to elicit symptoms related 
to ocular surface irritation, environmental triggers for the symptoms, and the effects on visual func-
tion in daily life [48]. The OSDI can quantify the frequency and impact of the symptoms on vision to 
assess disease severity. Total points vary from 0 to 100, with increasing numbers signifying greater 
symptom burden (normal <12; mild 12–21; moderate 22–33; severe >33) [5].

Dry Eye Questionnaire 5 (DEQ-5)
This survey includes only 5 items and has also been validated. DEQ-5 asks five questions regarding 
the frequency of watery eyes, discomfort, and dryness as well as late day intensity of discomfort and 
dryness. Scores >6 suggest dry eye and scores >12 may suggest more severe disease (Sjogren syn-
drome) [49].

Standard Patient Evaluation of Eye Dryness (SPEED)
The SPEED questionnaire is another validated dry eye survey that can be taken quickly, as its name 
suggests, SPEED evaluates the type, frequency, and severity of dry eye symptoms. The type of symp-
tom is evaluated currently, in the past 72 hours and in the past 3 months. Each of the four questions 
regarding frequency of symptoms is graded 0 (never) to 3 (constant), and each of the four severity 
questions is graded 0 (no symptoms) to 4 (intolerable symptoms). Scores are summed up and range 
from 0 to 28 [50].

 Blink Rate, Incomplete Blink Rate (IBR), Interblink Interval (IBI), and Maximum Blink 
Interval (MBI)

Blink Rate
The patient should be observed for a period of time to calculate blink rate and time interval between 
blinks. The blink test can be an effective screening test for DED. Excessively low or high blink rates 
and intervals should be noted. The tear breakup during the blink interval is thought to result from a 
transient localized increase in osmolarity, which then stimulates the cornea nociceptors driving the 
blink reflex. The Optrex Dry Eye Blink test is a self-administered test with a reported sensitivity of 
66% and a specificity of 88% in a group of 87 patients [47]. This has been used as a surrogate for 
detecting the loss of homeostasis as classified by TFOS DEWS II for Dry eye. Patients are instructed 
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to look forward and record with a stopwatch the time when they felt discomfort following a blink. 
Averages of 3 measures per test was recommended. There was no need to remove contact lenses for 
this test. The blink test and NITBUT were not statistically different. There was also a significant nega-
tive correlation between the blink test and conjunctival lissamine staining [47, 51].

Incomplete Blink Rate
The LipiView device quantitates the number of incomplete blinks over a 20-s period and may provide 
important quantitative diagnostic information. It is also able to record both the maximum blink inter-
val (MBI) and blink induction period (BIP), which have been correlated with DED [52, 53]. The BIP 
is the time from the TFBUT to the next blink and is calculated by subtracting the TFBUT from the 
MBI. The MBI is the number of seconds the eye can stay open without blinking, which is the sum of 
the TFBUT and the BIP (Fig. 4.4). The MBI has been shown to be highly correlated with the tear film 
breakup time (TFBUT) and is significantly shorter in patients with DED than normal. The MBI then 
provides important clinical information on the tear film function. The cutoff period for the MBI was 
12.4 s with a positive predictive value of 76.9% and a negative predictive value of 59.5% [52, 53].

The interblink interval has also been shown to correlate with corneal sensation as corneal sensation 
also correlates with the tear film disruption [51, 54, 55].

 External Facial Exam and Eyelid Position
External examination should begin with evaluation of the patient’s periorbital and facial skin. Signs 
of rosacea including facial flushing and rhinophyma should be noted. The position of the eyelids, 
including ectropion, entropion, lid laxity (floppy eyelid syndrome), scleral show, and lagophthalmos 
should be noted.

Eyelid Laxity
Special consideration should be taken to evaluate for FES or palpebral hypermobility syndrome 
(PHS), which has a strong association with obstructive sleep apnea (OSA) and can play a role in mei-
bomian gland dysfunction and ocular surface disease [16, 56–59].

Originally termed “floppy eyelid syndrome” by Culbertson in 1981 [60] describing eyelid laxity 
associated with chronic conjunctivitis in young obese men, this condition was been expanded by van 

a b c d

Fig. 4.4 TFBUT was the time interval between the last blink (a) and the appearance of the first dark spot on the cornea 
(b). MBI was the length of time that participants could keep the eye open before blinking (a–d). BIP was calculated by 
subtracting TFBUT from MBI (c, d). MBI: maximum blink interval; TFBUT tear film breakup time; BIP: blink interval 
period. (Inomata et al. [52]. Published under a CC BY 4.0 license)
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den Bosch in 1994 [61] to include (1) lax eyelid condition (LEC), (a laxity of the eyelids in patients 
any age or weight not associated with conjunctivitis), (2) lax eyelid syndrome (LES) eyelid laxity in 
patient of any weight or sex associated with conjunctivitis, and then (3) FES as described by 
Culbertson. Elastin loss colocalized with MMP in the eyelids in pathology specimens of patients with 
FES has been reported [26]. The association of lax eyelids with MGD and MG dropout has been pro-
posed [56, 58, 59]. The strong association of LES with obstructive sleep apnea (OSA) should also be 
recognized and patients referred for sleep study to alert patients at risk for multiple cardiovascular 
disease [62]. Tear MMP-9 has been elevated in patients with LES [56, 63, 64]. Abnormal corneal 
biomechanics (ocular response analyzer, ORA) has also been reported in patients with OSA perhaps 
associated with elevated MMP-9 in this patient population [64, 65].

OSA, which affects 25–30% adult men and 15–20% adult women in the United States, accounts 
for over $125 billion annually in the United States [66, 67]. Eighty percent of patients with OSA are 
undiagnosed. There may be a genetic association in Hispanic populations [68]. Several questionnaires 
including the STOP BANG questionnaire should be obtained to help identify patients at risk for OSA 
and a sleep study should be suggested if indicated.

 Tear Osmolarity
Tear osmolarity has been shown to have the highest correlation with the most with disease severity out 
of the clinical dry eye disease tests in some studies, while others have shown significant variability in 
measurements [69]. Tear film osmolarity generally increased with greater disease burden. Patients 
with more severe disease tend to have higher tear osmolarity and larger differences between eyes. The 
tear osmolarity number and variability has been shown to decrease with treatment of the disease. Tear 
osmolarity of 308 mOsm/L or more or an interocular difference of greater than 8 mOSm/L has been 
accepted as the cutoff for a positive result.

Tear osmolarity can be measured with a TearLab Osmometer, which uses a strip at the tip of the 
TearLab pen that is placed in the lower tear meniscus for 2–3 s. The pen is then placed into the reader 
to provide a numerical measurement. No topical anesthetic is required for this measurement.

 Meibography
There are a variety of techniques used to image the meibomian glands (Table 4.1) [29]. These include 
(1) meiboscopy, (2) meibography (contact and noncontact), and (3) confocal microscopy [34, 70]. 
Meibography describes the assessment of the meibomian gland anatomy.

Introduction to Meibography
Meibomian gland disease (MGD) is defined as a chronic, diffuse abnormality of the meibomian 
gland orifices that results in characteristic, visible, and quantifiable changes in meibomian gland 
quantity and structure [38]. MGD has been cited as a principal cause of posterior blepharitis, an 
inflammatory condition of the posterior lid margin [35]. This disease occurs more commonly in 
patients with rosacea, eczema, and atopy. These individuals commonly have lid margin abnormali-
ties such as hyperemia, telangiectasias, and irregular lid margins [71]. Abnormal meibography has 
been shown in a variety of diseases including patients prior to BMT [31], chronic graft versus host 
disease [72], Stevens-Johnson syndrome [30, 32], sleep apnea [56], and a variety of ocular surface 
diseases [36, 53].

Defining Meiboscopy
Meiboscopy is a clinical examination technique used to assess the function of the central meibomian 
glands of the lower eyelid. This allows the clinician to obtain a gestalt of the meibomian gland involve-
ment in the patient’s blepharitis disease process. It is done by reflecting the central lower eyelid over 
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a light probe, such as a muscle light, and examining the function, or lack thereof, of the central 8 
meibomian glands with slit lamp illumination off.

Defining Meibography
The term “meibography” refers to the indirect visualization of the meibomian glands with imaging of 
the upper and lower eyelids. It was first described in 1977 by Tapie et al., whereas the actual term 
“meibography” was first coined by Mathers et al. in 1991 [40]. Now known as contact meibography, 
this technique involves the use of an infrared light probe to retroilluminate the everted eyelid from the 
skin and an ultraviolet light to illuminate and visualize meibomian gland presence and morphology. 
This requires an experienced examiner as it is difficult to perform and can cause significant patient 
discomfort. Additionally, contact meibography is a long and tedious process as the examiner is able 
to examine only the small area of retroilluminated eyelid at a time [24]. Noncontact meibography has 
become more widely used and is a faster, easier, more comfortable, and more complete exam to per-
form by allowing the photographer to obtain an image of all meibomian glands at once. It requires the 
use of a slit lamp microscope equipped with an infrared transmitting filter and an infrared charge 
coupled device camera system [24, 73]. This specialized device allows the clinician to capture both 
still and video images of meibomian gland structure (Figs. 4.5, 4.6, and 4.7).

Grading MGD Using Meibography
Standardized grading systems to define the findings observed in MGD have been critical in the 
diagnosis of this disease. The “meiboscore” and “meibograde” were terms defined by Arita et al. 
and Call et al., respectively, and are based on the appearance of meibomian glands on meibography 
imaging [24, 25, 74]. These grades can then be included with other objective findings of dry eye and 
tear film integrity to paint an objective picture of dry eye disease, which have defined treatment 
modalities [74].

The Meiboscore
The meiboscore was defined by Arita et al. in 2008 and employs the quantification of partial or com-
plete meibomian gland dropout observed with meibography. In this system, individual eyelids are 
assigned a score based on the percentage of the total tarsal plate area that demonstrates gland dropout. 
A score out of three is then assigned for no dropout (grade 0), <33% dropout (grade 1), 33–66% drop-
out (grade 2), or >66% dropout (grade 3) [24].

The Meibograde
Coined by Call et al., the meibograde is a more detailed quantification of meibography image grading 
than the meiboscore [25]. It incorporates three objective descriptions of the meibomian glands into its 
scoring system: gland dropout, gland distortion, and gland shortening. These three are also ranked on 
a 0–3 scale, based on the percentage of the eyelid in which the changes are observed. The scores are 
added, and the individual eyelid is assigned a score out of nine. Gland dropout is defined as zones of 
the tarsal plate where glands should be but are not (Tables 4.1 and 4.2). Whichever grade the eyelid is 
given in the gland dropout category, the subsequent two scores necessarily must begin with that score. 
If an eyelid is given a grade of one on the gland dropout score, the grades in the subsequent two cat-
egories automatically begin at one. Gland distortion is defined as an abnormal gland-to-tarsus ratio, 
tortuosity of a gland, or the discordant pattern of the gland. Finally, gland shortening is graded based 
on percentage of eyelid demonstrating meibomian glands that do not extend from the eyelid margin 
to the opposite edge of the tarsal plate [25].
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 Anterior Eye Assessment
The lid margin and anterior eyelids should be examined thoroughly when assessing for blepharitis as 
these areas can exhibit a variety of pathologic changes. Lid margin rounding, hyperemia, increased 
vascularization, and hyperkeratinization are common [38]. These changes are exhibited by the bleph-
aritis associated with rosacea [23]. A close assessment for Demodex infestation should be undertaken 
in the anterior eyelid, especially the lash follicles when anterior blepharitis is suspected [16]. Demodex 
infections are implicated in recurrent chalaza, which can also lead to DED [75].

A thorough anterior assessment of the eye in blepharitis is not complete without examination of the 
meibomian gland orifices and their relationship to the mucocutaneous junction. Normally, the meibo-
mian gland orifices are located anterior to the mucocutaneous junction. With cicatricial changes, the 

Fig. 4.5 Five-grade meiboscale to assess the severity of meibomian gland dropout. (Pult and Riede-Pult [74])
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Fig. 4.6 LipiView images of meibography and lipid layer thickness (LLT) and partial blinks. (a) Abnormal LLT 32 nm 
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mucocutaneous junction moves anteriorly, and the meibomian gland orifices move posteriorly onto 
the conjunctiva. These changes can be appreciated on an anterior eye examination [25, 37, 38].

Meibomian gland orifices show significant changes in blepharitis. Initially, capping of these ori-
fices occurs as they undergo keratinization. This eventually develops into meibomian gland plugging 
and dropout. This process is a significant contributor to the evaporative aspect of DED that develops 
as a result of blepharitis [75].

The diagnosis of blepharitis and MGD can be characterized based on the quality and quantity of 
the material secreted by the meibomian glands. Hyposecretory MGD occurs when there is primary 
dysfunction of the glands and obstructive MGD involves a blockage of the meibomian gland orifices, 
leading to under-secretion from otherwise normal meibomian glands [2]. The meibum quality will 
appear clear or slightly cloudy in normal states versus the cloudy, granular, or inspissated quality of 
meibum secretion in MGD. This quality is best assessed on examination with gentle external pressure 
on the lower eyelid [37].

 Tear Film Assessment

Structure
The tear film serves to protect the ocular surface and facilitates the spreading of the three tear compo-
nents to provide optimal visual acuity [12]. The outer lipid layer is nonpolar and is made up of cho-
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Fig. 4.7 LipiView images of tear interferometry and graphic representation of the lipid layer thickness (LLT) and 
partial blinks. With normal LLT 100+  nm with multiple partial blinks (6/12). (Reference: Courtesy of Charles 
Bouchard, MD)
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lesterol and wax and cholesterol esters. The inner polar phospholipid layer contains intercalated 
proteins. The middle aqueous layer contains proteins, salts, and mucins (MUC5AC). The inner glyco-
calyx contains transmembrane glycoproteins and mucins (MUC 1, MUC 4, MUC 16). Tear film sta-
bility and composition will then determine the tear film breakup time (TFBUT), and lipid layer 
determined by interferometry inflammatory components can also be detected (i.e., MMP-9 
(InflammaDry) [72, 76].

Lipid Layer Appearance (LLA)
The appearance of the lipid layer can be grossly assessed as having an open meshwork or a tight 
meshwork. The flow can be assessed, and the pattern can be structured or amorphous.

Tear Film Lipid Layer (TFLL)
The tear lipid thickness stability is a function of temperature and composition. This cycle of stability 
decreases in MGD [77]. Interferometry can be used to visualize and evaluate the tear film lipid layer 
[17, 18, 78, 79]. Tearscope was one of the first interferometers developed. It projects white fluorescent 
light onto the cornea, which then produces interference images that can be evaluated. These images 
are graded based on the uniformity and colors of the lipid film [23]. Newer machines include the 
LipiView interferometer. Light is projected onto the cornea, which passes through the tear film and is 
reflected into a camera. This creates interference patterns known as an interferogram. Using LipiView, 
one can measure the lipid layer thickness in a defined area [78].

 Non-invasive Tear Breakup Time (NITBUT)
There are several objective automated systems to detect the TFBUT. The Keratograph 5M (Oculus, 
Wetzlar, Germany) uses an infrared light system to detect the first disruption of a projected mire pat-
tern reflected from the corneal surface during the period of non-blinking [80]. An average of 3 
“breakup time” measurements is determined. The time is calculated from the time interval from 
upstroke of blink to initial distortion. This method eliminates the disturbance from instillation of fluo-
rescein and eliminates tactile reflex tearing. Breakup time measurements are generally longer using 
the NIBUT compared with the FBUT measurements, possibly a result of the destabilizing effect of the 
fluorescein. The sensitivity of 82% and sensitivity of 86% has been reported [79, 80]. Normal results 
for NITBUT have ranged from 40 to 60 s with abnormal measurement of less than 10 s. For the FBUT, 
the normal have been 10–345 s with an abnormal cutoff of <5 s [80].

 Tear Meniscus Height (TMH)
The TMH can be measured by a variety of techniques and has been correlated with meibomian gland 
dysfunction [37, 79]. Classically, TMH is measured clinically via the instillation of fluorescein dye 
into the eye and evaluation of the height of the tear lake that accumulates between the lower eyelid and 
the globe. The emergence of new imaging techniques has allowed the clinician to measure TMH in a 
more non-invasive manner. It also eliminates the need for instilling drops in the patient’s eyes prior to 
evaluating the tear meniscus height, an aspect of the exam that can skew results. Imaging devices such 
as the Keratograph 5M and LipiView have allowed the examiner to obtain more accurate measure-
ments of TMH with the tear film in its more natural state [34, 79].

 Tear Volume Testing

Schirmer Testing
Schirmer testing can be performed as a measure of aqueous tear production. For the Schirmer I test 
(without anesthesia), the strip of filter paper is folded at the notch and placed in the inferior fornix 
with the strip folded over the lateral lower lid margin. The patient is instructed to blink normally. The 
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wetting of the strip is measured after 5 min. Variable diagnostic cutoff numbers have been suggested 
from <5 mm/5 min to <10 mm/5 min [3, 29, 75].

Schirmer without anesthesia with eyes closed can be used to distinguish between ADDE and 
EDE. A cutoff <5.5 mm at 5 min has a sensitivity of 85% and a specificity of 83%. There is generally 
a good correlation between MGD, Schirmer, Fluorescein staining but a poor correlation between 
Schirmer and dry eye symptoms [3, 12].

Phenol Red Testing
In this technique, a 70-mm long cotton thread impregnated with phenol red dye is used to collect the 
tears. This is pH sensitive and changed from yellow to red when exposed to tears. One eye is used to 
measure the volume and a 3-mm portion of the thread is placed in the lower outer third of the lid for 
15 s. The patient may blink normally, and volume is determined from the length of the dye change [29].

 Meibomian Gland Assessment

Overview
Meibomian gland disease (MGD) defined by the International Workshop on MGD as “is a chronic, 
diffuse abnormality of the meibomian glands, commonly characterized by terminal duct obstruction 
and/or qualitative/quantitative changes in the glandular secretion. This may result in alteration of the 
tear film, symptoms of eye irritation, clinically apparent inflammation and ocular surface disease” 
[29].

The two types of MGD are (1) low delivery states (most common) and (2) high delivery states. 
Low delivery, obstructive MGD results in a reduced meibum to the eyelid margin and tear film lipid 
layer leading to tear film instability, increased evaporation, tear hyperosmolarity, evaporative dry eye, 
and ocular surface inflammation and damage [81] (Fig. 4.1).

Meibomian Gland Expressibility (MGE)
MG expressibility is different from secretory activity and there are several published grading 
scales.

MG expressibility can be assessed using the Korb MG evaluator with a constant pressure for 
10–15 s to the lower central 8 meibomian glands (TearScience, Morrisville, NC, USA) [37] (Fig. 4.2). 
The reported meibomian glands yielding liquid secretion (MGYLS) Score is then determined for the 
central 8/24 glands. Only some of the glands secrete at a time with the nasal being greater than middle 
greater than temporal glands. The grading scales are to distinguish between normal and abnormal with 
the expression not a measure of secretory activity. Table 4.2 illustrates other methods for evaluating 
MG expressibility with the specific grading scales [82].

Meibum Quality (MQ)
This was graded according to the scale listed below determined from the meibum expressed by the 
Korb evaluator [37]. This is graded on a 0–4 scale for each gland from clear fluid like (0) to thick like 
toothpaste (3) to obstructed without meibum expressed (4). The sum of the scores of the glands is then 
recorded. (8 × 3 = 24 total).

 Corneal Integrity Assessment

Ocular Surface Staining: Corneal and Conjunctival
Abnormal ocular surface staining, including corneal, conjunctival, and lid margin, can suggest ocular 
surface disease although not diagnostic [23]. Fluorescein dye, Rose Bengal, and Lissamine green are 
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the commonly used dyes in the clinic. Fluorescein staining of epithelium occurs when the epithelial 
cells have lost their cell tight junctions or develop a defective glycocalyx [47].

Rose Bengal staining occurs where epithelial cells have lost their mucin or glycocalyx protective 
barrier. It also stains dead or degenerated epithelial cells. Rose Bengal tends to be irritating to the 
ocular surface and can induce reflex tearing. Therefore, its application should take place after assess-
ment of tear film integrity and tear meniscus height.

Lissamine green stains epithelial cells that have damaged cell membranes, regardless of whether 
or not mucin is present. Lissamine green is better tolerated than Rose Bengal and therefore has become 
the preferred method for evaluation of patients with OSD. Recent reports of mixtures of several dyes 
show promise in staining the cornea and conjunctiva with a single drop [47].

There are several grading scales that have been developed to standardize the degree of ocular sur-
face abnormality [29]. The van Bijsterveld grading system documents Rose Bengal epithelial staining 
using a scale of 0–3 on the cornea and two exposed areas of conjunctiva for a total score of 0–9. One 
drop of 1% Rose Bengal is used. The cutoff for normal is a score of greater than or equal to 3.5.

The Oxford Grading System grades ocular surface staining of the cornea and medial and lateral 
conjunctival segments using a score of 0–5 per zone for a total of 15.

The NEI/Industry scoring system uses a similar quadrant staining of the ocular surface. Tit uses 5 
corneal and 2 × 3 conjunctival zones with a grade of 0–3 per zone. Fluorescein or Rose Bengal can be 
used.

Invasive Fluorescein Tear Film Breakup Time (IFBUT)
Invasive fluorescein tear breakup (IFBUT) time can be performed using several techniques. The most 
accurate is to instill 2 microliters of fluorescein into the inferior fornix/bulbar conjunctiva and mea-
sure the time to first break in tear film after a complete blink. Using the yellow barrier filter and the 
slit lamp at full height and 4 mm wide, the time from the upstroke of the last blink to the first breakup 
spot is recorded. The median value of 3 measurements is then recorded. The lower BUT between the 
two eyes should be the value considered for diagnosis. Alternatively, a fluorescein-impregnated strip 
is wetted with saline. The lack of control over volume of saline makes this unreliable. Measurement 
reliability increased with 2 ul or less of 5% solution. There seems to be no agreement on whether the 
strip should be shaken and where to apply the fluorescein, superiorly, inferiorly on the bulbar conjunc-
tiva or tear meniscus. The cutoff often used as abnormal for this subjective measurement is less than 
10 s for the strip and <5 s for 2 ul with a micropipette [47].

Lid Wiper and Bulbar Conjunctival Integrity Assessment
Lissamine green 10 ul volume is used to stain the upper lid using the Korb grading scale (0–3) mea-
suring the horizontal length and sagittal height of the lid wiper. The bulbar conjunctival staining is 
determined from the Oxford grading scale. This grading scale uses a series of panels labeled A-E in 
order of increasing severity with representative images of staining patterns seen in ocular surface 
disease. The amount of staining increases by 0.5 of the log of the number of dots between panels B 
and E [83].

 Inflammatory Mediators

MMP-9 (InflammaDry)
Matrix metalloproteinases are proteins found in the tear film in patients with dry eye disease. They are 
enzymes that can disrupt the ocular surface barrier. MMPs are secreted as inactive proenzymes and 
are activated by cleavage. InflammaDry is a point-of-care test, which measures levels of MMP-9 in 
the tear film. Value greater than 40 ng/ml is considered positive and a nonspecific indicator of ocular 
surface disease [75, 76].
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 Conclusion

Blepharitis, in particular meibomian gland dysfunction, is a complex disease process. Ocular surface 
health involves the delicate interaction between mechanical eyelid function, a chemically balanced 
tear film composition, adequate tear film integrity, and a healthy microbial micro- environment. As 
with any similarly complex disease process, the dysfunction of any one of these factors can result in 
a downward spiral of progressive ocular surface disease that is often difficult to eradicate. Often, 
patients present with improper functioning of many of these elements, making their diagnosis and 
treatment more difficult. Today’s clinician must employ a multifaceted approach to diagnostic evalu-
ation, grading of severity, and deployment of appropriate treatment plans. Diagnostic evaluation often 
includes history taking, patient examination, diagnostic testing, and photographic evaluation. Primary 
research and collaborative efforts in identifying this disease has led to innovative grading tools and 
scales that allow the clinician to evaluate one patient against another as well as a single patient’s 
response to intervention. These diagnostic tools have made today’s ophthalmologist more effective at 
treating blepharitis and, most importantly, improving their patient’s sight and quality of life.
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Sebaceous Carcinoma: 
Masquerade Syndrome

Johnathan Jeffers, Megan Silas, and Hassan Shah

 Introduction

Sebaceous carcinoma is a malignant neoplasm arising from the sebaceous glands [1–3]. First identi-
fied in 1891 by Allaire, sebaceous carcinoma rose to clinical prominence following publication of a 
series of 21 meibomian gland tumors by Stratsmaa in 1956 [3, 4]. Sebaceous carcinoma has histori-
cally been referred to by various names including meibomian gland carcinoma [4, 5], sebaceous gland 
carcinoma [6, 7], and sebaceous cell carcinoma [8]. Consensus today has settled on sebaceous carci-
noma as the eponym for malignancy arising from the sebaceous glands [1, 2]. The neoplasm is most 
often found in the periocular region where sebaceous glands are numerous. Sebaceous glands are 
found most prominently in the tarsus, as the meibomian glands, followed by the cilia [Zeiss glands], 
eyebrow, and the caruncle. Extraocular sites include the parotid and submandibular glands, as well as 
sebaceous glands of the skin, especially in the head and neck region [3, 9].

Though relatively rare, sebaceous carcinoma is the second most common eyelid malignancy behind 
basal cell carcinoma [1]. The disease remains predominantly a malignancy of the elderly, though 
cases have been reported in the pediatric population [10].

Sebaceous carcinoma most often results from de novo mutations, resulting in a sporadic, non- 
heritable disease pattern. However, a heritable form of the disease, termed Muir-Torre syndrome 
(MTS) has been identified. MTS is a subtype of hereditary non-polyposis colorectal cancer syndrome 
(HNPCC), which is associated with the development of sebaceous tumors, keratoacanthomas, and 
visceral malignancies [11]. These clusters of malignancies are related to mutations in DNA mismatch 
repair proteins that result in microsatellite instability and a predisposition to genetic defects in repli-
cating cells. Thus, in patients with newly diagnosed sebaceous carcinoma, it is important to obtain a 
thorough family history of malignancy to determine the possible need for further genetic testing and 
follow-up [2].

J. Jeffers 
University of Chicago Pritzker School of Medicine, Chicago, IL, USA 

M. Silas · H. Shah (*) 
University of Chicago Medical Center, Department of Ophthalmology and Visual Science, Chicago, IL, USA
e-mail: hshah1@bsd.uchicago.edu

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-65040-7_5&domain=pdf
https://doi.org/10.1007/978-3-030-65040-7_5#DOI
mailto:hshah1@bsd.uchicago.edu


68

Sebaceous carcinoma is often referred to as the great masquerader for its ability to mimic more 
prevalent and often benign eyelid disorders characterized by prominent inflammatory reactions such 
as blepharitis and chalazion. Sebaceous carcinoma can present as a subcutaneous nodule. However, 
presentation may be limited to discreet eyelid thickening. The disease’s relatively low prevalence, 
combined with its ability to present in a multitude of ways, makes it a difficult disease to detect. As 
such, it requires an astute clinician to consistently include sebaceous carcinoma in the list of possible 
differential diagnoses in patients presenting with eyelid complaints [12, 13].

Primary management of sebaceous carcinoma consists of complete surgical resection. Secondary 
management may include topical chemotherapy, cryotherapy, and amniotic membrane grafting 
[1–3]. Map biopsies of the surrounding lid and conjunctiva are often necessary given the propensity 
of sebaceous carcinoma to undergo intraepithelial pagetoid spread [14]. Prognosis for sebaceous 
carcinoma depends primarily on the extent of invasion into surrounding tissues and structures, as 
well as the presence of distant metastases to regional lymph nodes or solid organs [7]. Increasing 
awareness of the disease may lead to early diagnosis and better outcomes for patients affected by 
the disease.

This chapter takes an in-depth look at ocular adnexal sebaceous carcinoma including its epidemiol-
ogy, pathogenesis, origins, clinical presentation, differential diagnoses, histology, diagnosis, manage-
ment strategies, and prognosis.

 Epidemiology

In the United States, the incidence of sebaceous carcinoma has been estimated to be 0.11 per 100,000 
people [11]. It represents approximately 1–5.5% of eyelid malignancies and is second behind basal 
cell carcinoma in terms of frequency [3]. Sebaceous carcinoma most frequently occurs on the eyelid 
(38.7%), but it is known to occur in any sebaceous gland containing tissues, primarily in the head and 
neck region [9]. It has been suggested that the incidence in the United States has been increasing, but 
this may possibly be a result of increased rates of detection [15].

Sebaceous carcinoma is a disease of the elderly, with an average age of onset of 73 years. Many 
reports have indicated a female predominance in development of the malignancy. However, a few 
recent studies have called into question this association and suggest a possible male predominance [9, 
11]. Asian countries have the highest reported incidence of sebaceous carcinoma, with some studies 
finding rates ranging from as high as 7.9 to 10.2% of all eyelid malignancies [16, 17]. In the United 
States, whites are most affected by the disease (2.03 per 1,000,000) followed by Asian/Pacific Islanders 
(1.07 per 1,000,000) and blacks (0.48 per 1,000,000) [9].

Risk factors for sebaceous carcinoma include a history of radiation exposure, HPV infection, Muir-
Torre syndrome, retinoblastoma, HIV infection, and systemic immunosuppression such as chronic 
steroid usage [1, 10, 11, 18, 19]. The role of the immune system in preventing tumor formation has 
been well studied, and immunosuppression remains a major risk factor for development of sebaceous 
carcinoma. Patients infected with HIV have an 8 times greater risk of developing sebaceous carci-
noma than the general population [18]. Prior radiation exposure, especially to the ocular region, 
increases the risk of developing sebaceous carcinoma. Another risk factor, particularly in the pediatric 
population, includes a history of familial retinoblastoma. This association is likely confounded by the 
usage of radiation to treat initial occurrences of retinoblastoma. In one study, patients were found to 
develop sebaceous carcinoma on average 5–15 years following radiation exposure [10]. Finally, Muir- 
Torre syndrome (MTS) is an autosomal dominant condition caused by known mutations in DNA 
mismatch repair proteins including MLH1 and MSH2. MTS is associated with an increased risk of 
developing sebaceous tumors, including sebaceous carcinoma [11].
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 Pathogenesis

The pathogenesis of sebaceous carcinoma is not wholly understood [1, 2]. Muir-Torre syndrome has 
been implicated in familial forms of sebaceous carcinoma. The mutated DNA mismatch repair genes 
(MLH1/MLH2) discussed above result in microsatellite instability and subsequent hyper-mutability 
of cancer cells [2, 11]. However, sporadic forms of sebaceous carcinoma do not appear to share a 
similar pathogenesis to those associated with Muir-Torre syndrome. Various studies have pointed to 
a role of p53, the known tumor suppressor protein, in progression of sebaceous carcinoma. Other 
studies have identified infection by human papilloma virus (HPV) as a potential factor in promoting 
the development of the malignancy [20]. Researchers have examined p16 as a possible surrogate 
marker for periocular sebaceous carcinoma, given its known overexpression in extraocular seba-
ceous carcinoma. However, no association was found between expression of p16 and periocular 
sebaceous carcinomas [21].

Inactivation of the p53 tumor suppressor protein in cells infected by HPV has been well established 
in the development of mucosa-associated cancers, including cervical cancer. HPV acts by gaining 
entrance to epithelial cells and utilizing the cellular machinery to transcribe and translate oncogenic 
genes into proteins. One such oncogenic protein, E6, has been shown to work through binding and 
inactivating p53, leading to an increased proteasome-dependent degradation of the cell-cycle-modu-
lating protein. Loss of this important protein thus leads to a decoupling of regular cellular checkpoints 
and results in unchecked cellular proliferation. Similarly, the HPV-associated oncogenic protein E7 is 
known to deactivate another tumor suppressor protein, pRB [20]. Thus, this viral-associated mecha-
nism could provide a cellular pathway for the increased risk of developing sebaceous carcinoma seen 
in patients with familial retinoblastoma.

The mechanism of malignant conversion in non-HPV-associated sebaceous carcinomas differs 
from those associated with the virus. In fact, nuclear staining for p53 is increased, particularly in 
eyelid sebaceous carcinomas compared to more benign extraocular lesions [22]. Previous studies have 
noted an increased production of the mutated p53 tumor suppressor protein in sebaceous carcinoma, 
suggesting a possible role of p53 mutations in progression of the malignancy [23, 24]. In fact, com-
mon p53 mutations have been found in functional domains related to its action as a DNA-binding 
protein. An altered amino-acid structure leads to diminished molecular interactions with deoxyribo-
nucleic acid and a subsequent decrease in p53’s ability to act as a transcription factor. Thus, it appears 
that mutational inactivation of p53 promotes tumorigenesis, despite increased expression patterns in 
sebaceous carcinoma. Overexpression of p53 was also thought to correlate with more advanced or 
aggressive lesions [25]. However, recent evidence suggests otherwise, as different stages of sebaceous 
carcinomas do not show varied expression patterns of the mutant protein. Though p53 does appear to 
be implicated in sebaceous carcinoma, it may be more important in early carcinogenesis than in dis-
ease progression [23].

 Clinical Presentation and Tissue Origin

Sebaceous carcinoma is known to mimic more benign diseases and has a variety of clinical presenta-
tions. This feature has earned the disease the title of “The Masquerade Syndrome” [1–3]. This section 
will examine the clinical presentation and tissue origin of the malignancy. It is important for clini-
cians, especially ophthalmologists, to be aware of the variety of presentations of sebaceous carci-
noma. Delays in diagnosis can result in increased rates of metastasis and poorer outcomes. Given the 
possibility of the malignancy to be cured with complete surgical removal, early detection and diagno-
sis is key to proper management of the disease.
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 Ocular Adnexal Origin

Sebaceous carcinoma is most often found in the ocular adnexal region. Estimates for the percentage 
of sebaceous carcinomas occurring in the periorbital region range from 40% to 75% [9, 26]. The most 
common ocular sites in order of occurrence are the meibomian glands, glands of Zeiss, caruncle, 
eyebrow, and conjunctiva [1–3]. Finally, some malignancies are thought to stem from a multicentric 
origin of two or more of these discrete areas, though in many advanced cases the site of origin remains 
unknown [27].

 Meibomian Glands

The meibomian glands represent the most common single site for development of ocular adnexal 
sebaceous carcinomas [27, 28]. The vast majority of sebaceous carcinomas occurring within the peri-
ocular region arise from the meibomian glands of the upper lid [27, 29]. Presentation of the malig-
nancy can range from simple eyelid thickening, to a discrete, firm, and painless nodule. Patients can 
present with a subcutaneous nodule, which is often fixed to the tarsus [26]. Figure 5.1 shows seba-
ceous carcinoma of the upper eyelid. The nodules are often yellow in color, likely related to the high 
lipid content [1, 2, 29]. These lesions may be easily mistaken for a chalazion. Eyelid thickening can 
present a more challenging diagnosis for clinicians, as the thickening is often accompanied with an 
inflammatory reaction that can mimic blepharitis [12, 13]. As a result, management of sebaceous 
carcinoma that presents as diffuse thickening of the eyelid requires more extensive map biopsies to 
document the extent of invasion prior to any resection [14].

 Glands of Zeiss

The glands of Zeiss, found associated with the eyelash hair follicles, are the second most common 
orbital sites for development of sebaceous carcinoma. Approximately 10% of orbital sebaceous car-
cinomas arise from these glands [29]. Similar to lesions developing in the meibomian glands, lesions 
originating from the glands of Zeiss may be mistaken for chalazia near the eyelid margin. One 
important sign that helps to assist in differentiating between a benign process such as chalazion, 
versus sebaceous carcinoma, is madarosis, or loss of cilia. As the malignancy invades the surround-

Fig. 5.1 Sebaceous carcinoma  
of the upper eyelid. (Knackstedt  
and Samie [30])
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ing tissue, it often obliterates the surrounding hair follicles, leading to the loss of eyelashes along the 
lid margin [8]. Thus, a detailed slit-lamp exam can help guide the clinician in determining the proper 
diagnosis.

 Caruncle

Sebaceous carcinoma of the caruncle is rare, representing only 3% of all periocular sebaceous carci-
nomas [29]. The caruncle contains fine lanugo type hair, which harbor sebaceous glands within their 
associated hair follicles. Sebaceous carcinoma in the caruncle often presents as a firm, painless nod-
ule, but has also been seen to grow in a more verrucous or pedunculated type pattern [1].

 Eyebrow

Sebaceous carcinoma may arise from the pilosebaceous units of the hair follicles of the eyebrow, 
though this presentation is rare [3, 30]. Often presenting as a firm nodule, the malignancy may prog-
ress to an ulcerated, painful brow lesion [31]. These tumors can also mimic sebaceous or epidermal 
inclusion cysts [32].

 Conjunctiva

It has been disputed whether sebaceous carcinoma can arise directly from the conjunctiva. Various 
studies have suggested that the conjunctiva represents a primary area for development of the malig-
nancy [1, 33]. However, it is generally thought that sebaceous carcinoma within the conjunctiva rep-
resents intraepithelial pagetoid spread from a primary lesion within the eyelid. Given the varied 
patterns in presentation of the malignancy, it may be initially difficult to detect the primary lesion, 
leading to a misappropriation of the conjunctiva as a site of development of sebaceous carcinoma 
[27]. Nonetheless, a detailed slit-lamp exam and map biopsies of the conjunctiva are often necessary 
to determine the presence of spread from the primary site, given the malignancy’s predilection for 
invading the surrounding conjunctiva.

 Extraocular Sites

The head and neck region encompasses most of the other sites implicated in the development of seba-
ceous carcinoma. These sites include the parotid and submandibular glands and skin of the head and 
neck. However, the disease can occur on the chest, abdomen, extremities, and genitalia [34]. It is believed 
that sun exposure represents an important causal role in development of sebaceous carcinoma, given the 
increased rates of development in sun-exposed areas of the head and neck. However, case reports of 
sebaceous carcinoma arising from the external genitalia suggest a more prominent role of HPV in devel-
opment of the tumor [35]. These tumors can often mimic other dermatologic malignancies including 
squamous cell and basal cell carcinomas. Biopsy remains essential in differentiating between these 
malignancies and more benign processes [2]. Non-ocular adnexal sebaceous carcinoma presents simi-
larly to adnexal forms of the malignancy in that it is often a firm nodule that eventually ulcerates in later 
stages of the disease. These sebaceous carcinomas are known to progress to ulceration more rapidly than 
periocular tumors, but both forms of the malignancy appear to have similar prognoses [36].
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 Differential Diagnosis

Lesions suggestive of sebaceous carcinoma should garner a broad differential resulting from the dis-
ease’s ability to masquerade as various inflammatory and oncogenic processes [12]. The varied pre-
sentation pattern of sebaceous carcinoma from a small, discrete eyelid nodule to global eyelid 
inflammation and thickening of the tarsus requires an astute clinician for prompt diagnosis. Given the 
wide array of presentations and difficulty in distinguishing it from benign ocular tumors, tissue biopsy 
is required for definitive diagnosis [13]. This section examines some of the major diseases included in 
the differential for sebaceous carcinoma.

 Blepharitis

Sebaceous carcinoma’s tendency to present with diffuse involvement of the eyelid and subsequent 
inflammation often leads to its mischaracterization as blepharitis. There are several key features that 
can help distinguish sebaceous carcinoma from blepharitis including trichiasis, madarosis, and overt 
eyelid thickening [1, 3, 15]. Furthermore, blepharitis, including that resulting from demodex infec-
tion, often results in dandruff- like deposits, or collarettes, at the bases of the lashes [37]. Figure 5.2 
shows sebaceous carcinoma masquerading as chronic blepharitis.

 Chalazion

Chalazia present as eyelid nodules and most often result in intense inflammatory reactions accompa-
nied by significant swelling, erythema, and pain. As discussed in the section on clinical presentation, 
the most common presentation of sebaceous carcinoma is a painless, round nodule on the upper eye-
lid. As such, sebaceous carcinoma can be easily misdiagnosed as a chalazion [1–3]. Chalazia often 
occur in young people, and do not require biopsy. However, any recurrent chalazion should undergo 
biopsy to rule out malignancy, especially in older individuals [38].

 Conjunctivitis

Conjunctivitis often presents as a bilateral process, though unilateral disease is not uncommon. 
Sebaceous carcinoma is known to undergo pagetoid invasion of the surrounding corneal and conjunc-
tival epithelium. The infiltration may include the bulbar, forniceal, and palpebral conjunctiva [39]. 

Fig. 5.2 Sebaceous carcinoma of 
lower eyelid margin presenting  
as chronic blepharitis. (Schmitz 
et al. [76])
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This invasion can lead to an inflammatory reaction and subsequent erythema within the conjunctiva 
and cornea that mimics conjunctivitis, making it difficult to properly diagnose [40]. In these cases, 
multiple biopsies may be required to determine the extent of invasion and to guide appropriate treat-
ment for the disease [14].

 Keratitis

The inflammatory reaction instigated by sebaceous carcinoma can also result in pannus formation 
overlying the cornea. These can be mistaken for simple pterygium. As the pagetoid spread continues 
from the conjunctival epithelium to the corneal epithelium, a picture of marginal keratitis may 
emerge [41]. The underlying inflammatory reaction can progress, resulting in peripheral ulcerative 
keratitis [42].

 Superior Limbic Keratoconjunctivitis

Given the propensity for sebaceous carcinoma to arise in the upper eyelid, the local invasion and sub-
sequent inflammation of the superior conjunctiva may mimic superior limbic keratoconjunctivitis 
[SLK]. The inflammatory disorder is characterized by papillary inflammation of the superior perilim-
bal, tarsal, and bulbar conjunctiva. As the malignancy spreads, sebaceous carcinoma may be mistaken 
for SLK. In fact, of all of the diseases sebaceous carcinoma mimics, SLK is one of the few that can 
also present as an inflammatory thickening of the superior eyelid. The chronicity of this disease and 
similar features of this disease may make subsequent recognition and treatment of sebaceous carci-
noma difficult in those misdiagnosed with SLK [43].

 Squamous Cell Carcinoma

In contrast to sebaceous carcinoma, which has a predilection for the upper eyelid, squamous cell car-
cinoma most often occurs on the lower lid. The malignancy also disproportionately affects older 
individuals, much like sebaceous carcinoma. Squamous cell carcinoma may also occur as a nodular 
or more papillomatous appearance. It usually presents as an indurated papule with an erythematous 
border, which frequently progresses to ulceration. Time to ulceration is generally much shorter in 
squamous cell carcinoma as compared to basal cell carcinoma and sebaceous carcinoma [44].

 Basal Cell Carcinoma

Periocular basal cell carcinoma is most often found on the medial canthus and lower eyelid. Basal cell 
carcinoma is the most common orbital malignancy, representing 80–90% of periocular tumors. It is 
also the most common malignant tumor overall in humans. Despite its frequency, it is rarely known to 
metastasize until the late stages of the disease. However, periocular basal carcinoma causes high rates 
of morbidity given its tendency to invade the surrounding tissue. Similar to squamous cell carcinoma, 
basal cell carcinoma often begins as a small pearly nodule that eventually progresses to ulceration. 
Definitive  differentiation from other malignancies, including sebaceous carcinoma, requires biopsy 
and histopathological diagnosis [45].
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 Melanoma

Ocular melanoma most often arises within the uveal tissues of the eye. However, the malignancy may 
also arise from the conjunctiva, eyelid, and surrounding orbital skin. Conjunctival melanoma presents 
as a pigmented lesion on the conjunctival surface that can be misdiagnosed as a benign nevus. Primary 
melanotic lesions of the eyelid are quite rare. However, eyelid lesions can represent foci of metastatic 
disease [46]. Interestingly, a previously excised melanotic lesion on the eyelid may recur as a non-
pigmented lesion resembling sebaceous carcinoma [1]. Recurrent lesions may require exteneration 
because of the difficulty in detection and the high rates of metastasis [46].

 Mucinous Eccrine Adenocarcinoma

Mucinous eccrine adenocarcinoma is a rare periocular tumor that typically presents as a solitary 
lesion that can be transilluminated due to its high mucin content. Its presentation is often variable, 
making it difficult to diagnose clinically. Though rates of metastasis remain low, recurrence rates 
approach roughly 50%, making mucinous eccrine adenocarcinoma difficult to treat effectively. Like 
sebaceous carcinoma, mucinous eccrine adenocarcinoma is a malignancy that commonly affects the 
elderly with an average age of onset in the low 60s [47].

 Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma is an extremely rare epithelial neoplasm [48]. It is most often found at 
extraocular sites, including the salivary gland, but can be found arising from the conjunctiva and lac-
rimal system as a distinct mass lesion. The lesions are often rapidly growing and invasive, though they 
rarely metastasize. Like mucinous eccrine adenocarcinoma, well-differentiated mucoepidermoid car-
cinomas are known to produce mucin [49].

 Other Tumors and Inflammatory Conditions

Sebaceous carcinoma can also mimic other benign sebaceous neoplasms including sebaceous adeno-
mas and sebaceous hyperplasia [26]. Other tumors that may arise in and around the orbit including 
lymphoma, Merkel cell carcinoma, and metastases should also be considered [2]. Finally, sebaceous 
carcinoma may also present similarly to inflammatory conditions such sarcoidosis and cicatricial 
pemphigoid [1].

 Histopathology

Histopathological classification of sebaceous carcinoma encompasses four distinct types. These types 
include lobular sebaceous carcinoma, comedocarcinoma, papillary sebaceous carcinoma, and mixed 
sebaceous carcinoma, with lobular sebaceous carcinoma being the most common [1, 2, 8, 30]. None 
of these classifications seem to offer any prognostic differentiation. Instead, more common neoplastic 
prognostic factors such as size, local invasion, regional and distant metastases seem to correlate with 
poorer prognosis. Histopathological evaluation can help with staging and evaluation of these prognos-
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tic factors by assessing for surrounding tissue invasion, including epithelial pagetoid spread and peri-
neural invasion [50]. Tumors with multicentric origins also carry a worse prognosis as they result in a 
greater risk of local recurrence [2].

Differentiating sebaceous carcinoma from other malignancies can prove difficult without immu-
nohistochemistry staining. An H&E stained section of sebaceous carcinoma of the eyelid is shown 
in Fig. 5.3. The tumor can often show features of squamous and basal cell carcinoma, which leads 
to frequent misdiagnosis of sebaceous carcinoma [8]. Common immunohistochemistry stains uti-
lized for detection of sebaceous carcinoma include epithelial membrane antigen [EMA], cytokera-
tin [Cam 5.2], Ber-EP4, and androgen receptor stain [30]. Staining with adipophilin and perilipin 
have also shown great promise in aiding in diagnosis of sebaceous carcinoma. Reports have shown 
adipophilin staining to have a sensitivity and specificity in the detection of sebaceous carcinoma of 
97.1% [2].

Sebaceous carcinoma also presents with varied levels of differentiation, from well- differentiated 
cells to a more poorly differentiated form of the disease. Sebaceous carcinoma can be classified based 
on cellular differentiation into one of three classes including well-differentiated, moderately differen-
tiated, and poorly differentiated sebaceous carcinoma [1, 2]. Well- differentiated sebaceous cell carci-
noma shows histological patterns similar to normal sebaceous glands including vacuolated, frothy 
cytoplasm with lipid deposits. These cytoplasmic lipid deposits imbue sebaceous carcinoma with its 
characteristic waxy, yellow color [50]. The organization of sebaceous carcinoma tends to follow a 
characteristic pattern of differentiated cells located internally, with poorly differentiated cells on the 
periphery [1]. Poorly differentiated sebaceous carcinoma shows common features of other malignan-
cies including nuclear pleomorphism, increased mitotic activity, and hyperchromatic nuclei [30]. 
There is a more favorable prognosis for well-differentiated forms of the malignancy compared to the 
poorly differentiated forms, which are associated with increased mortality rates [29].

Though sebaceous carcinoma may clinically mimic other inflammatory conditions, histopathologi-
cally it often shows diminished inflammatory markers compared to other skin cancers including basal 
and squamous cell carcinomas [1]. In fact, compared to basal cell carcinoma, sebaceous carcinoma 
has been shown to be free of mononuclear inflammatory cell infiltrates, and seems to show a limited 
T-cell infiltration of the vasculature surrounding the tumor [51].

The tendency of sebaceous carcinoma to undergo intraepithelial pagetoid spread allows the malig-
nancy to invade surrounding tissues, while making it difficult to localize the invasion [1, 2, 4, 34]. 
Conjunctival map biopsies are thought to be crucial in determining the extent of spread and, thus, for 
staging and determining appropriate treatment options. The malignancy is known to invade the sur-

Fig. 5.3 Full-thickness H&E section 
showing sebaceous carcinoma with 
pagetoid invasion of the eyelid epidermis. 
(Shalin and Lazar [77])
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rounding conjunctiva, but can also spread to the corneal epithelium as well. Biopsies must be taken of 
the surrounding palpebral, forniceal, and bulbar conjunctiva, ideally in a 360-degree fashion, as seba-
ceous carcinoma is known to spread in a skip-lesion type pattern [50].

 Diagnosis

Sebaceous carcinoma’s ability to masquerade as different disease processes requires vigilance as a 
clinician for proper diagnosis. Slit-lamp examination of patients presenting with eyelid complaints 
should be thorough. Eversion of the eyelids should be performed to evaluate the palpebral and forni-
ceal conjunctiva for evidence of intraepithelial involvement including eyelid thickening and pagetoid 
spread. Definitive diagnosis of sebaceous carcinoma requires histopathological diagnosis via exci-
sional biopsy [1, 2, 8, 30]. There should be a low threshold for biopsy in cases of recurrent chalazia 
and chronic blepharitis that shows little response to conventional treatment, especially in the elderly 
population. Following definitive diagnosis of sebaceous carcinoma, screening should be performed to 
determine the need for genetic testing to diagnose Muir-Torre syndrome.

Map biopsies are typically performed following definitive diagnosis of periocular sebaceous carci-
noma or in cases of suspected tumor recurrence. First described by Putterman in 1986, conjunctival 
map biopsies can be utilized to determine the presence of intraepithelial pagetoid spread of sebaceous 
carcinoma [14]. Standard templates for conjunctival map biopsies have been suggested by Putterman 
and Shields, which sample diffuse areas of the palpebral, bulbar, and forniceal conjunctiva. However, 
utilizing alternative biopsy sites is important to consider based on the clinical presentation in each 
patient [52]. Recently, some authors have questioned the usefulness of conjunctival map biopsies, but 
performing them for sebaceous carcinoma is currently the standard of care for most surgeons [53].

Though regional rates of metastasis of sebaceous carcinoma are around 2.4%, a thorough exami-
nation of the cervical, submandibular, parotid, and preaurical lymph nodes should be performed to 
evaluate for evidence of metastasis. Periocular sebaceous carcinoma seems to metastasize more fre-
quently, at a rate of 4.4% compared to other head and neck sebaceous carcinomas at 0.9%. This 
difference is likely due in part to the difficulty in diagnosing the periocular form of the disease [54]. 
Primary metastasis is likely to occur first to the regional lymph nodes, but distant metastases to lung, 
liver, brain, and bone can occur [55]. Magnetic resonance imaging [MRI] can be utilized to deter-
mine the presence and extent of metastasis in patients exhibiting systemic signs of malignancy 
including weight loss and fatigue. For local invasion, computed tomography [CT] and MRI of the 
face to examine for invasion of surrounding orbital structures and the sinuses is indicated. If there is 
evidence of nodal metastasis on exam, a combination of positron emission tomography [PET] scan-
ning and CT scan first be utilized to determine extent of metastasis. Sentinel lymph node biopsy 
followed by regional lymph node dissection is sometimes performed if evidence of spread on exami-
nation is noted [56]. The exact role of sentinel lymph node biopsy is currently debated, though it has 
been suggested that false negative rates of sentinel lymph node biopsy range from 5% to 25% in 
periocular tumors, making the value of a negative biopsy inconclusive [57]. There is currently an 
ongoing clinical trial examining the role of nodal dissection in periocular sebaceous carcinomas to 
be completed in 2020 [2].

Staging of the disease per the American Joint Committee on Cancer TNM staging guidelines 
requires data on tumor size, nodal involvement, and distant metastasis. Staging based on these 
guidelines seems to correlate with disease prognosis. One study found no evidence of nodal metas-
tasis in tumors staged as T2a or smaller than 10 mm in diameter. The authors concluded based on 
their data that sentinel lymph node biopsies should, thus, be reserved for tumors exceeding these 
staging criteria [58].
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 Muir-Torre Syndrome

Muir-Torre syndrome [MTS] is an autosomal dominant genetic condition that predisposes to seba-
ceous carcinoma, keratoacanthomas, and gastrointestinal malignancies including stomach and duode-
nal cancers. Roughly half of individuals affected by MTS develop multiple malignancies [11]. 
Sebaceous carcinomas are extremely common in this group, representing roughly 30% of malignan-
cies, many of which develop in the periocular region [2]. MTS is a variant of Lynch syndrome, or 
hereditary non-polyposis colorectal cancer [HNPCC], characterized by germ line mutations in DNA 
mismatch repair [MMR] genes including MLH1, MLH2, MSH6, and PMS2 [59]. Mutations in these 
MMR genes lead to an inability to detect base-pairing errors during DNA replication, which result in 
microsatellite instability of areas of repetitive DNA sequences and an increase in carcinogenesis. Risk 
factors for development of malignancy in patients with MTS are similar to the risk factors of seba-
ceous carcinoma including radiation exposure and immunosuppression [60]. These risk factors likely 
predispose patients to developing a second mutation in the MMR genes in concordance with Knudson’s 
two-hit hypothesis of tumorigenesis [61].

Patients presenting with eyelid sebaceous carcinoma and a positive family history of malignancy 
including colorectal, genitourinary, and breast cancers should be advised on further genetic testing for 
diagnosis of MTS. Currently, immunohistochemistry can be utilized to identify sebaceous carcinomas 
with mutations in the commonly mutated MMR genes, which can be analyzed with reflex immuno-
histochemistry staining after confirming histopathological diagnosis of sebaceous carcinoma [30]. In 
line with the Bethesda Guidelines for testing for microsatellite instability in patients suspected of 
HNPCC [62], Dr. Kyllo and associates created a proposed screening algorithm for patients diagnosed 
with sebaceous carcinomas. After confirming the diagnosis of sebaceous carcinoma, they suggest the 
need to gather an in-depth family history of cancer, with a focus on skin and visceral malignancies. 
Furthermore, given the ease of testing, reflex immunohistochemistry stains should be performed on 
pathological specimens of confirmed sebaceous carcinoma to identify mutated MMR genes. If either 
of these screening tools are positive, the patient should be referred to a geneticist for evaluation of 
microsatellite instability and the presence of possible germ line mutations. A strong primary care 
relationship should also be established to coordinate frequent cancer screenings including colonosco-
pies and skin exams. Given the high frequency of multiple malignancies, approaching nearly 40% in 
patients with MTS, utilization of this screening algorithm has the potential to greatly benefit health 
outcomes [2].

Recently, an autosomal recessive syndrome that closely resembles MTS has been identified [60]. 
Coined MUTYHP-associated polyposis (MAP), the syndrome is associated with the development of 
colorectal adenocarcinomas and sebaceous neoplasms without the characteristic mutations in the 
MMR genes observed in MTS.  Instead, mutations are found in the MUTYH gene. This germ line 
mutation can be missed during analysis of patients for MTS, and must be considered if genetic testing 
is inconclusive in patients presenting with the phenotypic findings of MTS [63].

 Management

Management of sebaceous carcinoma is generally geared towards complete surgical excision of the 
primary tumor [64, 65]. Given the tendency of sebaceous carcinoma to develop on cosmetically sensi-
tive areas such as the eyelid and face, Mohs micrographic surgery (MMS) has also been successfully 
employed in treatment of the disease [66]. The choice between utilizing a wide local excision of the 
primary tumor versus Mohs is a surgeon-specific decision, as evidence is thus far inconclusive regard-
ing rates of recurrence or spread of periocular sebaceous carcinoma between the two approaches [67]. 
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Furthermore, an analysis of several cases in the SEER database showed no difference in overall mor-
tality when comparing the two surgical management techniques [68]. In cases of confirmed intraepi-
thelial pagetoid spread via conjunctival map biopsy, however, MMS is not recommended for 
management given the diffuse and noncontiguous spread of the malignancy. When choosing wide 
local excision for primary management on the eyelid, 5–6 mm margins are typically targeted [69]. 
Other clinicians have suggested utilizing local excision with paraffin histopathological analysis fol-
lowed by delayed reconstruction to limit the destruction of local tissue, while ensuring adequate 
removal of involved tissue [50]. In cases of local invasion into the surrounding orbital structures, 
exenteration is required to prevent further metastasis [1]. As discussed above, SLN biopsy can be 
performed to determine local metastasis. Confirmed lymph node metastasis requires local lymphad-
enectomy to help control spread of the malignancy [56, 57].

Topical chemotherapy with mitomycin C has been described for use in sebaceous carcinoma 
with pagetoid spread. However, the application of topical chemotherapeutic agents to the conjunc-
tiva may result in severe side effects including loss of visual acuity, chronic dry eye, and corneal 
ulceration [2]. Another option for management of pagetoid spread of sebaceous carcinoma is cryo-
therapy of the conjunctiva, especially following initial tumor removal and confirmation of spread 
via map biopsy [1, 8].

Amniotic membrane grafting is another technique employed in reconstruction procedures follow-
ing surgical excision of ocular tumors involving the conjunctiva [1]. In patients with sebaceous carci-
noma characterized by diffuse pagetoid involvement of the conjunctival epithelium, amniotic 
membrane grafting following broad surgical removal of the involved conjunctiva can help limit the 
need for more aggressive procedures [70]. Conjunctival autografts and oral mucosal grafts can also be 
used for conjunctival reconstruction.

For patients whom are not deemed surgical candidates, radiation therapy may be employed. 
Radiation therapy alone results in increased rates of recurrence compared to surgical excision. Four-
year mortality rates in patients undergoing radiation therapy have been reported as high as 78% [30]. 
However, in one small case report study there were no reports of recurrence in patients receiving 
greater than 55 Gy of radiation, although it is still advisable for initial management to be centered 
around surgical excision [2, 71]. In cases of perineural invasion, which carry a diminished prognosis, 
radiation can be utilized as a postoperative adjuvant therapy [72].

In cases of metastatic sebaceous carcinoma, systemic chemotherapy may be employed to help 
decrease tumor burden. Distant metastases are rare in sebaceous carcinoma, and there is little evi-
dence for supporting distinct chemotherapy regimens. However, cisplatin-based chemotherapies are 
most often used in cancers of the head and neck. Some cases have also reported efficacy of 5-fluroura-
cil in managing sebaceous carcinomas [73].

 Prognosis

The prognosis for individuals diagnosed with sebaceous carcinoma depends on a variety of factors, 
especially tumor grade at the time of diagnosis. Other factors identified as individual prognostic indi-
cators include age at time of diagnosis and the presence of distant metastasis [74]. Overall rates of 
metastasis, including regional nodal and distant metastasis of head and neck sebaceous carcinoma 
approach nearly 2.5%. However, eyelid carcinomas tend to skew this average higher, as the metastasis 
rate for this group of cancers is around 4.4% [54]. Rates of distant metastasis of sebaceous carcinoma 
appear to be less than 1% [74]. Five- and 10-year age- matched survival rates for sebaceous carcinoma 
are 91.9% and 79.2%, respectively. No statistical difference has been found in survival rates for orbital 
sebaceous carcinoma versus non-orbital disease [9]. Also, there was no change in rates of disease-
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specific survival when comparing initial treatment with Mohs micrographic surgery versus wide local 
excision [74].

Level of differentiation seen on histopathological examination correlates significantly with overall 
mortality rates. Interestingly, an analysis of the National Cancer Institute’s SEER database revealed 
an increased rate of poorly differentiated eyelid sebaceous carcinoma compared to tumors at other 
sites of the head and neck region (49.8% vs. 22.7%). Poorly differentiated sebaceous carcinoma was 
also found to result in increased rates of nodal and distant metastases compared to well-differentiated 
tumors (13.9% vs. 0%) [54]. However, on multivariate analysis nodal metastasis was noted to not 
result in a significant increase in cause-specific mortality over and above the increase seen in poorly 
differentiated sebaceous carcinoma [74].

Other prognostic indicators specific to periocular sebaceous carcinoma include size greater than 
10 mm, delayed diagnosis, and upper and lower eyelid involvement [2]. Thus, prompt recognition and 
diagnosis of this malignancy by ophthalmologists may play a major role in limiting the morbidity and 
mortality of the disease. The authors recommend frequent follow-up with an ophthalmologist for all 
patients diagnosed with sebaceous carcinoma, even following surgical removal, especially given the 
subtle presentation of recurrent sebaceous carcinoma. Evaluation should also include lymph node 
examination to monitor for signs of nodal metastasis.

Prognosis for patients diagnosed with MTS is likely diminished compared to those with de novo 
sebaceous carcinomas given the likelihood of developing multiple malignancies. Some reports sug-
gest rates of multiple malignancies as high as 50% in patients with MTS [75]. Thus, those patients 
diagnosed with MTS should also undergo regular screening for gastrointestinal and skin malignancies 
via colonoscopy and regular dermatologic examinations.

 Conclusion

This chapter has explored the great clinical masquerader, sebaceous carcinoma, including its epidemi-
ology, pathogenesis, origins, clinical presentation, differential diagnosis, histopathology, diagnosis, 
treatment, and prognosis.

To summarize, sebaceous carcinoma is a malignant neoplasm of the sebaceous glands, which is 
most often found in the periocular region. Periocular sebaceous carcinoma is frequently found arising 
from the meibomian glands within the tarsus, especially on the upper eyelid. Other ocular sites include 
the caruncle, Zeiss glands, eyebrow, and conjunctiva [1, 3, 4, 8]. Risk factors associated with develop-
ment of sebaceous carcinoma include radiation exposure, HPV infection, and immunosuppression. 
The pathogenesis of sebaceous carcinoma is still unknown, though HPV infection and the tumor sup-
pressor p53 seem to play a role in its development [20–22]. Some genetic disorders also predispose to 
the development of sebaceous neoplasms including the autosomal dominant Muir-Torre syndrome. 
Patients with a family history of sebaceous gastrointestinal neoplasms should be referred for genetic 
testing to evaluate for this genetic predisposition [2].

The most common presentation of periocular sebaceous carcinoma is a fixed, non-painful eyelid 
nodule. Still, findings on initial presentation of periocular sebaceous carcinoma can remain subtle 
given its ability to mimic various common eyelid disorders including chalazia and blepharitis. Other 
less common inflammatory disorders on the differential should include superior limbic keratocon-
junctivitis and sarcoidosis [1, 8, 30]. Findings that should prompt the clinician to consider biopsy 
include recurrent chalazion, unilateral blepharitis resistant to treatment, madarosis, and diffuse eyelid 
thickening.

Diagnosis of sebaceous carcinoma requires biopsy and histopathological examination. 
Immunohistochemistry stains have the ability to assist pathologists in differentiating sebaceous carci-
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noma from other common eyelid neoplasms, such as basal and squamous cell carcinomas [24]. Other 
less common neoplasms on the differential include mucinous eccrine gland carcinoma and mucoepi-
dermoid carcinoma [47, 49]. Given the neoplasm’s ability to undergo subclinical pagetoid spread, 
conjunctival map biopsies are recommended to help guide treatment of sebaceous carcinoma [14, 52]. 
Though metastasis rates remain low, lymph node biopsy and imaging studies can be employed to 
determine the presence of metastasis [56]. MRI and CT can also help inform surgical approach in 
cases of locally invasive sebaceous carcinoma.

The mainstay of treatment for sebaceous carcinoma is surgical excision of the primary lesion. Both 
wide local excision and Mohs micrographic surgery have been successfully employed for surgical 
management of the ocular neoplasm [64, 68]. Radiation, chemotherapy, and cryotherapy have also 
been utilized as adjunctive treatment [8, 13]. Overall, prognosis for sebaceous carcinoma is positive 
with 5-year survival rates around 92% [9]. Still, prompt recognition and diagnosis by the clinician has 
the ability to greatly affect outcomes in patients presenting with periocular sebaceous carcinoma.

Compliance with Ethical Requirements The authors of this chapter do not have any conflicts of interest to report. 
The writing of this chapter did not involve any studies with human participants or animals performed by any of the 
authors.
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 Introduction

Broadly, medical management of blepharitis aims to relieve symptoms and to reduce inflammation. 
There is no established “cure” for blepharitis. The mainstay of treatment for both anterior and poste-
rior blepharitis is daily eyelid hygiene, which includes warm compresses, eyelid massage, gentle 
eyelid and eyelash scrubs, and artificial tears. Acute exacerbations or severe chronic disease may 
require treatment with topical steroids, topical antibiotics, topical steroid/antibiotic combination ther-
apy, topical calcineurin inhibitors, or oral antibiotics. It is prudent to adopt a stepwise approach start-
ing with lid hygiene and escalating to oral medications or combination therapy in refractory cases. It 
is also critical that patients understand the chronic nature of blepharitis and that some degree of daily 
treatment may be required to control inflammation and symptoms [1, 2].

This chapter discusses the medical management options for blepharitis. While anatomy and patho-
physiology provide a framework for categorizing blepharitis, there is considerable overlap in the 
approaches to treatment.

 Eyelid Hygiene

Eyelid hygiene consists of warm compresses, eyelid massage, and gentle eyelid/eyelash scrubs. Warm 
compresses involve the use of hot water on a clean washcloth, over-the-counter eye mask or heat pack, 
or homemade mask using uncooked rice or beans. The warm compress is applied one to two times 
daily to soften adherent lid debris and to warm meibomian gland secretions. Patients should be cau-
tioned against using excessive heat that may burn skin. Eyelid massage is performed with gentle pres-
sure applied to eyelids in a vertical motion against the globe to promote expression of meibomian 
gland contents. Eyelid and eyelash scrubs remove lid margin debris and substance obstructing meibo-
mian gland orifices, and scurf or scale adherent to lashes [2]. Patients who wear cosmetics around the 
eyes should be counseled on the importance of removing makeup daily after use. A variety of dedi-
cated eyelid cleansers are available, in the form of gels, foams, sprays, and disposable wipes [3]. 
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There is insufficient evidence to establish one product as superior or more efficacious than another or 
to establish an ideal regimen for the use of these products [3, 4]. Most are used once or twice a day. 
In addition to the mechanical disruption and removal of eyelid margin debris and pathogens, cleansers 
contain ingredients with antimicrobial properties such as hypochlorous acid, tea tree oil, or other 
active ingredients, which serve to reduce the bacterial or parasitic burden in blepharitis [3]. Dilute 
baby shampoo has previously been recommended as a convenient, easily obtainable option for per-
forming lid scrubs. However, compared to dedicated eyelid cleansers, the therapeutic effects may be 
“offset” by the presence of pro- inflammatory agents or irritants to the ocular surface in shampoo. In a 
randomized double-masked trial comparing TheratearsSteriLid to baby shampoo, levels of MUC5AC 
expression, a marker of goblet cell density and function in the conjunctival epithelium, were observed 
to be decreased following 4 weeks of baby shampoo treatment. Increased meibomian gland capping, 
suggestive of inflammation-induced epithelialization of meibomian gland orifices, was also noted in 
eyes treated with baby shampoo [5].

 Anterior Blepharitis

 Staphylococcal Blepharitis

Treatment of staphylococcal blepharitis includes lid hygiene, especially lid scrubs. For acute exacer-
bations, a topical antibiotic ointment such as erythromycin or bacitracin can be applied to the eyelids 
one to two times daily for 2–8 weeks, with dosing and duration dependent on severity of presentation 
and response to treatment. The goal of antibiotic therapy is to reduce inflammation by reducing bacte-
rial load [1, 2, 6].

Topical antibiotic/corticosteroid combinations are also effective therapies for rapidly quelling 
inflammation, and these medications are available as ointments and ophthalmic suspensions. 
Dexamethasone 0.1%/tobramycin 0.3% and loteprednol etabonate 0.5%/tobramycin 0.3% adminis-
tered four times per day for 14 days have been demonstrated to be equally effective in treating blepha-
roconjunctivitis. Loteprednol etabonate is a less potent corticosteroid than dexamethasone and carries 
a lower risk of steroid-induced intraocular pressure elevation [1].

 Seborrheic Blepharitis

As with staphyloccocal blepharitis, the treatment for seborrheic blepharitis consists of lid hygiene and 
topical antibiotics and topical steroids if needed.

 Demodicosis

Warm compresses, topical antibiotics, and steroids alone are ineffective for treating demodex blepha-
ritis [7, 8]. If blepharitis does not improve with these therapies, Demodex should be suspected. While 
there is no standard treatment in terms of formulation or frequency, existing treatments appear to be 
effective by reducing parasitic burden [8]. Tea tree oil, an extract from the leaves of the Melaleuca 
alternifolia plant, has been found to be an effective treatment in a variety of formulations including 
ointments, shampoo, and facewash, providing both symptom relief and decreasing mite count [9–11]. 
The active acaracidal ingredient, terpinen-4-ol, may provide effective treatment without other irritants 
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in tea tree oil [12, 13]. This compound kills mites but not eggs, so it may be beneficial to do at least 2 
rounds of treatment 2 weeks apart, which accounts for the Demodex life cycle [11].

In a small study, 5% permethrin cream daily to lids, lashes, and brows was also shown to reduce 
the number of mites on lashes; however, there was not a significant effect on patient symptoms [14]. 
Further investigation is needed.

Honey is another natural substance garnering attention for anti-inflammatory and anti- microbial 
properties, attributed to low pH, high osmolarity, hydrogen peroxide content, and non- peroxide sub-
stances including methylglyoxal (MGO). New Zealand native Manuka honey (Leptospermum sco-
parium) has been the subject of interest as a potential anti-inflammatory agent for blepharitis and 
other skin conditions due to its high MGO content [15]. An augmented Manuka honey formulation 
demonstrated comparable efficacy to 50% tea tree oil in killing Demodex mites in an in vitro study 
[15]. In a small prospective, investigator-masked, randomized,  paired- eye trial, a novel Manuka honey 
microemulsion eye cream yielded significant improvement in ocular surface symptoms and appear-
ance, tear film stability, and Demodex burden [16]. Further investigation for this promising therapeutic 
option is warranted.

In cases that are refractory to topical medications, systemic therapy may be warranted. Ivermectin 
is a well-known anti-helminthic and anti-parasitic medication that has been demonstrated to be effec-
tive against Demodex. It selectively binds glutamate-gated chloride ion channels to interfere with 
neurotransmission in the peripheral nervous system of the organism [8, 17]. Oral administration of 
200 micrograms/kg 7 days apart was successful in reducing the number of mites and improving symp-
toms in patients with blepharitis not responsive to other treatments [18, 19]. Combination therapy 
with oral metronidazole was also shown to be effective and superior to ivermectin alone, and may also 
be considered in refractory cases [20].

Ivermectin should be used with caution in patients with cardiac, renal, and liver disease and patients 
older than 65 years of age as it has not been studied in these populations. Side effects that have been 
reported include dizziness, headache, nausea, vomiting, and diarrhea; however, no adverse effects 
were reported in the context of treatment for Demodex [8, 17]. It is not recommended for women who 
are pregnant or breastfeeding and children weighing less than 15 kg as data regarding safety in these 
populations is not conclusive [17].

 Allergic Blepharitis

In cases of contact blepharitis or allergic blepharitis where inflammation is attributed to cosmetics or 
ophthalmic or dermatologic topical medication, the offending agent should be discontinued [21, 22]. 
Preservatives in ophthalmic medications such as benzalkonium chloride and thimerosal are frequent 
offenders. A table of sources of allergic blepharitis can be found in Chapter 1. When blepharitis is 
secondary to a medication, physicians should seek an alternative medication, such as a preservative-
free option [22]. For allergic blepharitis and blepharoconjunctivitis, systemic (cetirizine, diphenhydr-
amine) or topical antihistamines (olopatadine) may be helpful in relieving itch.

Acute exacerbations can be treated with topical calcineurin inhibitors (e.g., cyclosporine ophthalmic 
emulsion 0.05%), or low-potency topical corticosteroids (e.g., fluorometholone 0.1% or loteprednol 
etabonate 0.5% ophthalmic suspensions) [23]. In a retrospective chart review, loteprednol ointment 
0.5%, FML 0.1%, and DM/T-0.3–0.1% ointment twice daily for 1 month were commonly prescribed 
and effective regimens [21]. Loteprednol and fluorometholone are corticosteroids with less ocular pen-
etration and lower potency than dexamethasone and are less likely to cause a spike in intraocular pres-
sure (IOP) [1].
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 Atopic Blepharitis

In both allergic and atopic blepharitis and periocular dermatitis, controlling itch is essential to healing 
and breaking the cycle of inflammation, as the mechanical injury from rubbing skin leads to the 
release of pro-inflammatory cytokines. Cool compresses and adequate moisturizer are non-pharma-
ceutical but essential foundational measures in providing relief [22]. While topical steroids are 
extremely effective at relieving inflammation, they can cause elevated IOP, posterior subcapsular cata-
racts, atrophy of the delicate skin of eyelids, and HSV reactivation. There is burgeoning evidence that 
topical calcineurin inhibitors, tacrolimus and pimecrolimus, applied daily to eyelids or even to the 
fornix are efficacious in treating atopic blepharitis and have a favorable safety profile [24–26].

 Posterior Blepharitis

 Meibomian Gland Dysfunction

The vicious pathophysiologic cycle of events that characterizes meibomian gland dysfunction offers 
several approaches to try to manage this condition. Abnormally functioning meibomian glands (either 
due to obstruction or pre-existing inflammation causing hyperkeratinization) leads to stasis and thick-
ening of meibum and bacterial colonization of the glands. Release of lipolytic enzymes by bacteria 
alters the composition of the meibum resulting in both poor expression and further obstruction of the 
glands as well the release of irritating free fatty acids, all compromising tear film integrity and stabil-
ity [1, 27]. The consequent evaporative dry eye syndrome worsens ocular surface inflammation. As 
with anterior blepharitis, warm compresses, eyelid massage, and lid scrubs are mainstays of treatment 
and important initial interventions. These maneuvers help remove inflammatory debris and work to 
open obstructed meibomian glands.

Dietary supplementation of fatty acids has been shown to improve dry eye symptoms [1, 28]. It has 
been hypothesized that dietary supplementation may be beneficial for MGD by altering meibum com-
position and modulating the local and systemic inflammatory milieu. In one study, dietary supplemen-
tation with omega-3 fatty acids (flaxseed oil) led to improved tear break-up time (TBUT), meibum 
quality, and Ocular Surface Disease Index (OSDI) scores; however, this topic remains controversial 
[28]. Further investigation is needed to establish a role for fatty acid supplementation in the manage-
ment of MGD.

Azithromycin and doxycycline are antibiotics that have been shown to improve symptoms and 
signs of MGD [27, 29–32]. In addition to antimicrobial properties, both demonstrate anti- inflammatory 
activity. Azithromycin suppresses the production of pro-inflammatory mediators such as TNFa and 
IL-1β, and numerous matrix metalloproteinases [27]. Doxycycline decreases the activity of phospho-
lipase A2 and reduces the production of interleukin IL-1α and tumor necrosis factor (TNF)-α in cor-
neal epithelium [30].

Topical azithromycin is available in the USA as a 1% ophthalmic solution (Azasite, Inspire 
Pharmaceuticals, Inc., Durham, NC, USA), and outside the USA as a 1.5% ophthalmic solution 
(Azyter, Thea Laboratories, France). Azasite is formulated with a polycarbophil-based excipient that 
prolongs the time the drug is on the ocular surface. Topical administration may even be superior to 
oral azithromycin, as a high ocular tissue concentration is achieved, without accumulating systemi-
cally [33, 34]. Therapeutic levels persist for several days in the conjunctiva after the last dose. Dosing 
for topical azithromycin is BID for the first 2–3 days then daily for 4 weeks. Oral azithromycin dosing 
varies but is given either as a pulse with 500 mg to 1 g PO once a week for 3 weeks or a brief 5-day 
course of 500 mg the first day and 250 mg/day for 4 days [1, 31, 32]. Doxycycline dosing ranges from 
40 to 200 mg/day for 3–8 weeks.
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Given the risk of adverse systemic effects, oral antibiotics should be used in cases refractory to 
topical therapy. Oral azithromycin may rarely cause hepatotoxicity, and more commonly may cause 
nausea, vomiting, diarrhea, and gastrointestinal discomfort [34]. Like other macrolide antibiotics, it 
can cause QT interval prolongation and torsades de pointes, which is potentially fatal. This medica-
tion should be used with caution in patients prone to cardiac arrhythmia as well as patients taking 
other medications that cause QT prolongation. Doxycycline is known to cause gastrointestinal irrita-
tion, including ulceration and esophagitis. It can cause photosensitivity and patients should be coun-
seled to avoid prolonged sun and UV light exposure and to protect skin with sunscreen or clothing. 
This medication is also associated with intracranial hypertension and patients with pre-existing intra-
cranial hypertension, or women of childbearing age, or patients who are overweight, are at higher risk 
of this adverse effect [35].

 Rosacea

Rosacea is a multi-factorial inflammatory condition affecting the facial skin, and 20% of patients can 
have ocular disease before any other cutaneous manifestations [36]. Given the chronic nature of this 
condition, management incorporates both lifestyle modifications as well as adjunctive medical thera-
pies. Diet, climate, and activity-related factors may all contribute to the disease and patients may be 
advised to keep a log of possible triggering factors. Additional management includes lid hygiene, oral 
omega-3 supplementation, topical cyclosporine, topical antibiotics (azithromycin, metronidazole, 
ivermectin), and oral antibiotics in refractory cases [36, 37].

The efficacy of oral azithromycin and doxycycline is thought to be due to anti-inflammatory and 
immunomodulatory activity, with studies demonstrating decreases in levels of matrix metalloprotein-
ases, interleukins, and other cytokines in the tear film and ocular surface. In fact, oral doxycycline 
improved the signs and symptoms of rosacea at a sub-antimicrobial dose of 40 mg daily. This lower 
dose is well tolerated, with a lower chance of adverse effects, and is the only dose approved for use 
for 16 weeks [38]. Topical therapies are advantageous as they reduce dependence on systemic medica-
tions with possible adverse effects such as with doxycycline. Topical azithromycin (1.5% b.i.d. for 
6 days) was found to be comparable to oral doxycycline (100 mg/day for 1 month) for treating ocular 
rosacea [34]. Cyclosporine is a calcineurin inhibitor and ultimately inhibits T-cell activation and the 
release of pro-inflammatory cytokines. Topical cyclosporine 0.05% twice a day has been shown to 
provide significant symptom relief and improvement in signs of ocular rosacea compared to artificial 
tears and compared to oral doxycycline [39, 40].

As Demodex has been implicated in rosacea, treatments for this condition may also be helpful in 
treating ocular rosacea [7, 37]. While brimonidine is a commonly prescribed as an ophthalmic solu-
tion for glaucoma, this formulation has not been showed to have an impact on the blepharitis or telan-
giectasias seen in rosacea. Rather, topical brimonidine 0.5% is shown to reduce facial erythema in 
rosacea through alpha-adrenergic agonistic action upon vessels of superficial and deep dermal plex-
uses [41, 42].
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Procedural Management

Megan Silas, Johnathan Jeffers, and Hassan Shah

 Procedures to Treat Blepharitis

 Intraductal Probing of Meibomian Glands

For patients who suffer from obstructive meibomian gland dysfunction resulting in lid tenderness, lid 
margin congestion and evaporative dry eye, intraductal meibomian gland probing (MGP) may be an 
option. It is felt that this technique helps to relieve intraductal obstruction, allowing for reduced intra-
ductal pressure, improved flow of meibum, and decreased eyelid margin inflammation. This technique 
was first described in 2010 by Maskin and is explained below [1].

When preforming MGP, topical viscous anesthetic is applied in the inferior conjunctival fornix and 
eyelid margin. In patients with significant tenderness, 4% lidocaine can also be applied with a cotton-
topped applicator to the area to be probed. After appropriate anesthesia is achieved, a bandage contact 
lens is placed and the patient is brought into the slit lamp. A 1-mm sterile stainless- steel probe (Rhein 
Medical, Tampa, FL) is held perpendicular to the eyelid margin and passed into the meibomian gland 
opening and collinear through to meibomian gland. A 2-mm and a 4-mm probe can be used for deeper 
meibomian gland penetration. At times, a popping or gritty sensation may be felt by the operator 
which can indicate penetration through an area of intraductal resistance or obstruction from contrac-
tion of periductal fibrosis [2]. This has been termed fixed, firm, focal, unyielding resistance (FFFUR) 
and can be found in both expressible and non- expressible meibomian glands [3]. Mild dot hemorrhage 
from the ductal orifice is common post-probing and is nearly always self-resolving [1]. After MGP, 
comorbid conditions, such as aqueous tear deficiency, should be treated as they can precipitate mei-
bomian gland re-occlusion and decrease the duration of treatment effect [2].

Since its initial description, many variations have been proposed to this technique. Wladis rec-
ommended obtaining anesthesia through subcutaneous injection with 2% lidocaine with epineph-
rine and used a hyfrecator tip (Ellman, Oceanside, NY) for probing [4]. Syed et al. performed MGP 
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on a supine patient under an operating microscope, obtaining anesthesia using a combination of 4% 
lidocaine-soaked cotton pledget and palpebral sub-conjunctival injection. A von Graefe fixation 
forceps is used for eyelid stabilization [5]. The ultimate goal, however, remains the same: relief of 
intraductal  obstruction, improved flow of meibum, and subsequent decreased eyelid margin 
inflammation.

Various studies have shown quantitative improvement in meibum lipid levels, [6] meibum viscos-
ity, [6] and tear break up time [7, 8] after MGP in patients who were previously refractory to medical 
management. Patients also have reported subjective improvement, as measured using the Ocular 
Surface Disease Index (OSDI) score, at least 3–6 months following treatment [4, 7]. Clinical exami-
nations of patients during routine follow-up after MGP can show decreased eyelid margin vascular-
ization and conjunctival hyperemia [7].

This procedure can be repeated if symptoms recur. However, in the initial study by Maskin, the 
majority of patients did not require retreatment over a mean follow-up of 11-months. At this time, 
long-term efficacy data is limited. Maskin et al. suggested using MGP as a preliminary treatment for 
MGD as alternative treatments, such as warmth and lid massage, may potentially worsen inflamma-
tion by increasing intraductal pressure in the meibomian glands [2].

 Vectored Thermal Pulsation

 LipiFlow
Vectored thermal pulsation via the LipiFlow device (TearScience, Morrisville, North Carolina, USA) 
is a recent technology that uses heat and meibomian gland expression. Conventional warm com-
presses apply heat to the external surface of the eyelid, whereas the LipiFlow System applies direct 
heat to the upper and lower palpebral eyelids to maximize the heat transfer to the meibomian glands. 
Simultaneous pulsatile pressure is applied to cutaneous eyelid surfaces to promote expression of 
melted meibum [9].

Use of the LipiFlow System requires a control system and the single-use activator eyepiece 
(Fig. 7.1). The eyepiece consists of an eyelid warmer and an eyecup. After application of topical oph-
thalmic anesthetic, the warmer is placed under the upper and lower eyelids to provide direct heat to 
the palpebral conjunctiva, reaching temperatures between 41 °C and 43 °C. The eyelids are closed 
over the eyelid warmer such that the eyecup rests on the anterior cutaneous surface of the eyelids. The 
eyecup inflates during the treatment session in order to facilitate meibum expression through eyelid 
massage [9, 10]. Each treatment session lasts 12-minutes and immediately post-treatment patients 
may notice ocular surface irritation and small subcutaneous eyelid margin hemorrhages [10].

Lane et al. found that a one-time 12-minute treatment with LipiFlow resulted in a statistically sig-
nificant improvement in meibomian gland secretion and tear break-up time when compared to the 
conventional warm compress control group. Additionally, patients treated with LipiFlow experienced 
a greater improvement in dry eye symptoms as determined by decrease in SPEED (Standard Patient 
Evaluation for Eye Dryness) and OSDI (Ocular Surface Disease Index [11]) scores [9]. However, in 
this initial study, patients with inflammation or infection were excluded, and thus, LipiFlow may not 
be ideal for certain types of blepharitis. Patients in this study had sustained improvement for 4 weeks, 
however there was no long-term follow up regarding the total duration of treatment effect.

Other studies have showed an improvement in symptoms up to 9 months and 1 year following a 
single treatment [12, 13]. In a prospective, randomized, parallel-group, single-masked study, Hagen 
et al. showed that a single 12-minute bilateral LipiFlow treatment was superior to a 3-month course 
of doxycycline at decreasing dry eye symptoms, as measured by SPEED score. Additionally, one ses-
sion of LipiFlow was at least as effective as daily doxycycline at improving MGD as measured by MG 
function, TBUT, corneal staining, and conjunctival staining [14].

M. Silas et al.



93

 MiBoThermoflo
MiBoThermoflo (MiBo Medical Group, Dallas, Texas, USA) is another in-office device that follows 
the principle of vectored thermal pulsation by providing external warmth and eyelid massage to facili-
tate meibum secretion in patients with MGD. Based upon the manufacturer’s recommendations, ultra-
sound gel is applied to the cutaneous surface of the upper and lower eyelid followed by 8–12 minutes 
of eyelid massage using the handheld probe, which reaches a temperature of 108 °F. The manufacturer 
recommends that this is repeated every 2 weeks for a total of three sessions. This treatment is operator 
dependent and relies on the operator ensuring the eyepads are in contact with the anterior eyelids 
throughout treatment [10]. There has been little data published on the clinical outcomes of patients 
who have undergone this procedure, however, Kenrick et al. found that the palpebral conjunctival 
temperature did not reach 40 °C, the required temperature to liquify meibum [15]. Thus, additional 
research is required to determine the clinical utility of this device.

a

b c

Fig. 7.1 A patient undergoing LipiFlow treatment (a). Single-use LipiFlow eyepiece consisting of an eyelid warmer 
and an eyecup (b) and the control system (c). (Image courtesy of Blake Williams, MD)
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 TearCare
The TearCare System (Sight Sciences, Menlo Park, California, USA) is a recently available in- 
office treatment for MGD. Similar to LipiFlow, TearCare combines heat and manual eyelid mas-
sage to facilitate meibomian gland expression. To administer this treatment, a flexible, single-use 
iLid is placed externally over the upper and lower tarsal plates of both eyes. Heat is applied for 
12 minutes to maintain a therapeutic temperature of 41–45 °C, during which the patient blinks 
normally to promote natural meibum expression. After the thermal treatment, the meibomian 
glands are manually expressed using meibomian gland forceps (Rhein Medical Inc., St Petersburg, 
FL, USA).

The pilot study on the efficacy of this device was a manufacturer sponsored, single-center, random-
ized trial. The initial study enrolled 24 patients who were randomized to receive a single treatment 
with the TearCare or daily 5-minute warm compresses. After 4 weeks, TBUT, corneal/conjunctival 
staining, SPEED, OSDI, and SANDE scores were all significantly improved in the TearCare group. 
These differences were maintained over 6 months of follow-up and there were no adverse events 
reported [16]. In a follow- up study, patients received a second treatment 6 months after their initial 
treatment and were followed for 6 additional months. TBUT improved after retreatment and this 
effect was sustained for at least 6 months following retreatment [17]. TearCare may be an effective 
means to improve TBUT and subjective symptoms from MGD, but retreatment at a 6 months interval 
may be required for a sustained effect. Further studies are necessary to compare TearCare to the other 
in-office procedures previously discussed.

 Intense Pulsed Light (IPL)

Traditionally, intense pulsed light (IPL) has been used for treating vascular or pigmented dermato-
logic lesions and is FDA-approved for treating telangiectasias [18]. However, it is also used off- label 
in patients with ocular rosacea and MGD [18].

Initially described by Toyos et al., protective eye pads are placed over closed eyelids, then the 
entire face is covered in ultrasound gel and is treated with two passes of IPL. After the pulsed light 
treatment, the meibomian glands are expressed using digital pressure and a cotton- tipped applicator 
[19]. During IPL treatments, the 500 nm light is absorbed by red blood cells within abnormal telangi-
ectasias resulting in coagulation and thrombosis, preventing the continued secretion of inflammatory 
mediators from these abnormal vessels. It is also speculated that the heat from the IPL transfers to the 
periocular skin, softening meibum and promoting secretion. When treating patients with IPL, it is 
imperative that they be fair skinned (Fitzpatrick Skin Types 1–4), as patients with darker skin are 
prone to depigmentation. IPL treatment intensity can range from low power (8 J/cm2) to high power 
(20 J/cm2). The physician should start at a lower setting and slowly titrate up based upon disease 
severity and age [19]. Limitations to this treatment method include cost, as these repeated treatments 
are is unlikely to be covered by insurance, and patient selection, as only fair-skinned patients are eli-
gible for treatment [18].

A prospective, double-masked, pair-eyed, placebo- controlled study by Craig et al. treated one eye 
in the inferior periocular area and found statistically significant improvement in symptoms, lipid layer 
grade, and tear break up time in the treated eye [20]. Additionally, Liu et al. showed decreased levels 
of IL-17A, IL-6 and PGE2 in eyes treated with IPL when compared to the contralateral control eye 
indicating that IPL plus meibomian gland expression was more effective than meibomian gland 
expression alone in reducing inflammation in patients with dry eye disease (DED) and MGD [21]. 
Thus, although initially described as a potential treatment of MGD, additional studies have found 
benefits for patients with DED and MGD.
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 Microblepharoexfoliation

In contrast to many of the abovementioned in- office procedures to treat MGD, the BlephExdevice 
(Scope Ophthalmics, London, UK) is used to target anterior blepharitis as a supplement to home eye-
lid scrubs. After topical anesthesia is achieved, the BlephEx handpiece is used to spin a single-use, 
medical grade, micro- sponge while brushing along the eyelash line for 6–8 minutes to remove scurf 
and debris. After treatment, patients should continue with their home eyelid hygiene regimen. The 
procedure can be repeated every 4–6 months if symptoms recur. Current studies are limited by small 
sample size and short-term follow-up; however, preliminary data have shown improvement in TBUT, 
OSDI scores, MGD and blepharitis, as measured by the Efron Grading Scale [22]. There is also a 
reduction in matrix metalloproteinase-9 (MMP-9) 4 weeks after treatment with BlephEx [23]. Murphy 
et al. have shown the BlephEx to be comparable and not statistically superior to OcuSoft Lid Scrub 
Plus and to Dr. Organic Tea Tree Face Wash in a small randomized study [24].

 Surgical Treatment for the Complications of Blepharitis

 Chalazia

Chalazia are a common complication of anterior or posterior blepharitis resulting from lipogranulo-
matous inflammation of obstructed meibomian glands, or the glands of Zeiss and Moll. Initial treat-
ment is conservative, using warm compresses, digital massage, eyelid hygiene, and a combination 
topical antibiotic-steroid, for inflammation. However, in refractory cases, there are some procedural 
treatment options.

 Steroid Injection
Intralesional steroid injection has been used as a treatment for chalazia for many years [25–28] and 
has a reported success rates in up to 80% of cases after a single injection [26]. Injections can be 
administered via a transconjunctival or a transcutaneous approach. Recent reports favor the use of 
triamcinolone acetonide [26] as the steroid of choice, although methylprednisolone [29] has also been 
used. The volume, concentration, and injection dose are provider dependent and can vary from 0.02 
to 1.0 mL, 5 to 40 mg/mL, and 0.2 to 0.5 mg, respectively [30]. Complications of intralesional steroid 
injection include periorbital fat atrophy [31], elevated intraocular pressure, tissue hypopigmentation 
[31], inadvertent globe perforation [32, 33], and infarction of the retinal and choroidal vasculature 
[29] with or without anterior segment ischemia [34]. Lesion resolution has been reported to occur 
between 5 days to 3 weeks post injection [30]. Steroid injection can be used alone or in addition to 
incision and curettage (I&C). When administering after I&C, the chalazion clamp should be left in 
place for the duration of injection to optimize drug delivery to the affected tissues and decrease the 
risk of arterial embolization [35].

 5-FU Injection
There is an ongoing Phase 3 randomized control trial comparing injection of 5-fluoruracil with steroid 
injection or I&C for chalazia. This study is actively enrolling, and there are no preliminary data 
available.

 Incision and Curettage (I&C)
I&C is a commonly performed treatment of chalazia refractory to conservative treatments. While 
surgeon-specific variables exist, the general principle of this treatment is to facilitate drainage of the 
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accumulated lipogranulomatous material. This procedure can be done in an office minor procedure 
room, or in the operating room if patient cooperation is a concern. It begins with use of topical and 
infiltrated anesthetic with or without eyelid cleansing with topical 5% betadine. In a transconjunctival 
approach, the eyelid is clamped and everted for optimal exposure. A vertical incision is made through 
the conjunctiva to access the accumulated material. If the lesion is more easily accessible via a trans-
cutaneous approach, the eyelid is clamped to assist with hemostasis and a horizontal incision is made 
through the skin over the lesion. The expressed material is cleaned out using cotton-tipped applicators 
and a chalazion curette. Application of thermal cautery can be used to establish adequate hemostasis. 
The incision is left open to allow for any residual material to drain. Steroid or antibiotic ointment with 
or without patching may be used post procedure. The recovery time is minimal and patients can often 
return to daily activities upon leaving the office.

I&C is the preferred treatment modality for recurrent chalazia because it also allows for biopsy of 
recurrent chalazia to rule out a malignant lesion such as sebaceous cell carcinoma. This may also be 
preferred to injection in larger chalazia where the injected medication may not adequately penetrate 
all tissues involved. Complications of I&C include scarring after transcutaneous incision, inadvertent 
globe penetration during anesthetic injection, [32] and damage to the puncta or canalicular system in 
nasal lesions. Additionally, patients may have more apprehension towards an incisional procedure 
when compared to an eyelid injection.

A large meta-analysis of randomized control trials comparing intralesional steroid with I&C found 
I&C to be significantly more effective when analyzing resolution after one procedure [30]. I&C was 
also superior to steroid injection for patients requiring 1 or 2 procedures, but the difference was less 
substantial. Based upon these results, it appears that a single I&C has a similar success rate as a series 
of two steroid injections. Individual prospective, randomized studies have shown comparable results 
between these two modalities [36].

 Trichiasis

Trichiasis is a disorder of the eyelid margin where the eyelashes are misdirected towards the globe 
(Fig.  7.2). There are various etiologies for this acquired disorder, most of which involve chronic 
inflammation and scarring of the involved eyelash follicle. Blepharitis, through its chronic inflamma-
tion of the eyelid margin, has been implicated as well as other inflammatory diseases of the eyelid skin 
(eczema, atopic disease) or conjunctiva (SJS, OCP, vernal keratoconjunctivitis). First and foremost, 
treatment should be focused on the etiology of inflammation that is leading to lash misdirection. Once 
the inflammation is controlled, non-surgical treatments, such as lubrication, bandage contact lens use, 
or mechanical epilation, may be attempted but are temporary measures. When determining the appro-

Fig. 7.2 A single misdirected lash 
in a patient with trichiasis. (From 
Claudia Auw-Haedrich, Thomas 
Reinhard. 2008. Chronic 
Blepharitis: Diagnosis, 
Pathogenesis, and New Treatment 
Options. Used with permission of 
Springer)
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priate surgical treatment for trichiasis, it is important to differentiate isolated true trichiasis and tri-
chiasis associated with entropion. For true trichiasis not associated with eyelid malposition, eyelash 
ablation is preferred.

 Radiofrequency Ablation
Radiofrequency ablation is a treatment option for focal or diffuse trichiasis as each lash is treated 
individually. It employs radiofrequency waves to selectively destroy the adjacent eyelash follicle. This 
technique was first described by Kezirian in 1993 [37]. After anesthetic infiltration of the affected 
eyelid, an electrolysis tip is inserted adjacent to the eyelash to the bulb and current is applied for 
1–2 seconds. This is repeated until frothing is noted at the eyelid margin. The eyelash can then be 
easily removed. This procedure is repeated on all affected eyelashes. Post operatively patients are to 
use antibiotic ointment for 1 week [38].

 Electrolysis
Electrolysis is performed using a similar technique as radiofrequency ablation. The affected area is 
anesthetized with injection of lidocaine with epinephrine. Under the operating microscope, the eyelid 
is reflected away from the globe, and the electrolysis needle is inserted 2-3 mm deep within the eye-
lash follicle. Electric current is applied for 1–3 seconds and a whitening of the surrounding skin can 
be observed. After  treatment, the eyelash is then easily removed with forceps. Antibiotic-steroid oint-
ment is recommended post operatively [38, 39]. Sakarya et  al. report success with a 55-μm thick 
ultrafine electrolysis needle. Complications of this procedure include a high rate of recurrence, mild 
eyelid notching, and faint hypopigmentation [38, 39].

 Cryotherapy
Cryotherapy was first reported as a treatment of trichiasis in 1976 and is best used for diffuse trichiasis 
[40]. This is effective because the hair follicles are more sensitive to the effects of freezing than the 
skin and conjunctiva [38]. A corneoscleral shell is placed to protect the globe and the eyelid is anes-
thetized using lidocaine with epinephrine. If a thermocouple is used, it should be inserted through the 
anterior eyelid skin and orbicularis to reach the pretarsal region just superior to the affected eyelashes. 
The eyelid margin is moistened with artificial tear gel, and the cryotherapy probe is applied to the 
eyelashes or to the adjacent palpebral conjunctiva, 2 mm from the eyelid margin, for 20–30 seconds 
to allow for the tissues to reach −20 to −30 °C as read by the thermocouple. Once the tissues thaw, 
this is repeated to achieve a double freeze-thaw cycle [38]. Significant eyelid edema and chemosis can 
be seen in the post-operative period but usually resolves within 5–7 days [41]. Reported complications 
of cryotherapy include recurrence, madarosis, eyelid notching, palpebral necrosis, skin depigmenta-
tion, dry eye syndrome, symblepharon, entropion, and infection [38]. Cryotherapy may be less effec-
tive in patients with trichiasis secondary to trachoma due to the extensive conjunctival and tarsal 
scarring [41].

 Laser
Use of various lasers have been reported for the treatment of trichiasis. This is best utilized for eyelids 
with few misdirected lashes or lashes that are intermittently distributed throughout the eyelid. Argon 
laser was first used to treat trichiasis in 1979 [42]. This can be performed with topical or infiltrative 
anesthesia. After appropriate anesthesia is achieved, a corneoscleral shell is placed to protect the 
globe and the eyelid is everted such that the eyelash follicle is coaxial with the laser beam. Laser set-
tings can vary, but it is suggested to use a 50–200 um spot size and power of 0.2 to 1.5 W for a dura-
tion of 200 msec. Multiple shots are applied progressively deeper into the eyelid until the eyelash 
follicle is destroyed [38, 43]. This procedure is most effective for pigmented eyelashes; however, for 
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nonpigmented eyelashes, black mascara may be applied prior to the procedure to increase 
effectiveness.

Both the ruby laser (694 nm) [44] and the diode laser (810 nm) [45] have also been described in 
treating trichiasis, but evidence is limited to small case series. At this time, larger, randomized, com-
parative studies are needed to determine the efficacy of the various laser options.

 Eyelash Trephination
Microtrephination can be used to physically remove the abnormal eyelash follicle. This is best used 
for small areas of trichiasis with few abnormal lashes. After anesthesia is achieved, a 21-gauge 
(0.81 mm) Sisler Ophthalmic Microtrephine (Visitec, Sarasota, FL, USA) is placed around the misdi-
rected lash, penetrating 2 mm into the eyelid margin. The abnormal follicle is removed with minimal 
disruption to the adjacent normal tissue [46]. McCracken et al. felt that this technique induces less 
inflammation than electrocautery or cryotherapy.

 Lamellar Split
Lamellar split is an incisional technique to treat broad areas of trichiasis. The affected eyelid is anes-
thetized using lidocaine with epinephrine and an incision is made along the gray line to separate the 
anterior and posterior lamella of the affected area. The anterior and posterior lamellae are dissected 
apart using a Wescott scissors. The affected lashes can be completely excised and the exposed region 
closed with a tissue advancement flap [47] or allowed to granulate [48]. Alternatively, monopolar 
cautery needle can be placed between the anterior and posterior lamellae to cauterize the eyelash fol-
licles. The affected lashes are then removed easily with forceps. The anterior and posterior lamellae 
are then left to heal by secondary intention [49]. If desired, the lashes be recessed away from the 
ocular surface as an alternative to complete removal. A free mucous membrane graft is often used with 
this technique. After dissecting apart the anterior and posterior lamellae, the mucocutaneous graft 
harvested from the margin of the lip can be placed between the anterior and posterior lamellae to help 
keep the lashes recessed away from the ocular surface [47].

 Wedge Resection
Wedge resection can be used to treat a local area of trichiasis that affects less than 1/3 of the eyelid 
margin. This can be done in the operating room under light sedation or in a minor procedure room 
under local anesthesia. The eyelid tissue is infiltrated with lidocaine with epinephrine, and a penta-
gon-shaped region of the eyelid is removed. If the remaining eyelid is under significant horizontal 
tension, a lateral cantholysis can be performed to allow for easier approximation [38]. Complications 
such as pain, bleeding, infection, scar formation, or recurrence can occur with any of the incisional 
surgeries described.

 Distichiasis

Distichiasis is most often a congenital condition where the eyelashes arise from an additional row of 
cilia posterior to the meibomian glands. However, in patients with chronic inflammation, aberrant 
lashes may arise from the meibomian gland orifice. The treatment options for distichiasis are similar 
to that discussed above for trichiasis. However, distichiasis is a much more difficult entity to treat as 
the aberrant lashes arise from the posterior lamella, and so cannot be separated from the tarsus. There 
are various advanced surgical procedures described for treatment of distichiasis specifically, but these 
are beyond the scope of this discussion.
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 Evaporative Dry Eye

Many patients with meibomian gland dysfunction suffer from evaporative dry eye disease [50, 51]. 
These patients may benefit from punctal occlusion or closure, especially in the setting of concomitant 
aqueous deficiency. The concept of punctal plugs was initially described in 1975 with the intention of 
increased tear retention for aqueous deficiency dry eye [52]. In patients with evaporative dry eye and 
active inflammation, the traditional teaching has been to avoid punctal plugs or to treat the inflamma-
tion prior to placement of punctal plugs to prevent retention of inflammatory cytokines [52]. A recent 
study by Tong et al. evaluated the levels of 15 cytokines and matrix metalloproteinase-9 in the tear 
film of patients after placement of punctal plugs and found no significant changes in these levels after 
3 weeks of occlusion [53]. However, in this study, patients with greater than two meibomian gland 
plugs per eyelid or patents with meibomian orifice irregularity were excluded. Therefore, while these 
results may not be applicable to all dry eye patients, it is important to consider each individual patient 
when determining whether or not to place punctal plugs [54].

To date, various modifications have been made to the initial silicone punctal plug, which is 
reflected in the wide variety of available products. Complications of punctal plugs are numerous 
and include extrusion, migration, canaliculitis or dacryocystitis, pyogenic granuloma formation, or 
discomfort [52].

If punctal plugs are not an option due anatomic anomaly or frequent punctal plug extrusion, per-
manent occlusion can be considered as a long-term treatment option. If possible, a trial of punctal 
plugs should be used prior to permanent closure. Punctal closure can be obtained via cautery or liga-
tion, both of which have been traditionally used in aqueous deficiency dry eye. In thermal cautery, 
eyelid anesthesia is achieved and then a high-temperature cautery pen is placed into the punctum to 
the distal canaliculus. Heat is applied until tissue destruction occurs [55]. Various surgical techniques 
have been described for punctal ligation; however, no comparative studies exist. The goal is to create 
a raw surface within the canaliculus and suture the walls together to induce scarring and permanent 
closure [56, 57]. Minimal literature exists regarding the potential use of these techniques in evapora-
tive dry eye secondary to MGD.

Concurrent pathology such as lower eye lid ectropion, eyelid retraction, or floppy eyelid syndrome 
should be assessed for and addressed if they are contributing to dry eye symptoms. Surgical correction 
of eyelid malposition reduces ocular exposure, and optimizes tear flow across the ocular surface by 
allowing the eyelids to efficiently pump tears into the lacrimal system. The specifics of surgical treat-
ment for ectropion, eyelid retraction, and floppy eyelid syndrome are beyond the scope of this 
discussion.

 Conclusion

The procedural options for treating blepharitis described in the first part of this chapter are relatively 
new and provide a different route to tackling this chronic disease with no truly curative treatment. 
Table 7.1 outlines the various treatment options discussed throughout this chapter. Intra-ductal prob-
ing, vector thermal pulsation, IPL, and microblepharoexfoliation were not used for treatment of 
blepharitis until a few years ago. There is still much that is unknown about the long-term efficacy of 
these treatments, but they provide additional options for patients who have failed traditional topical 
and systemic therapy.

Surgical procedures for chalazia, trichiasis, and distichiasis are well established. A reasonable goal 
in many cases is to control blepharitis well enough for these disorders to not occur.
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Blepharitis: Future Directions

James J. Reidy

 Introduction

Ophthalmologists have been struggling with the diagnosis and management of blepharitis for well 
over two centuries. While the common thread in all types of blepharitis is inflammation, the patho-
genic mechanism(s) driving the inflammatory response remain poorly understood. Without a good 
understanding of the cause of blepharitis, physicians often end up treating only the effect(s) of the 
disease instead of the disease itself.

 The Ocular Microbiome

During the last two centuries, anatomical and histological studies helped physicians to understand the 
basic structure and function of the eyelids. By the end of the nineteenth century, the germ theory of 
disease was fully established leading to rapid developments in the field of microbiology. Currently, 
identification of microbial species usually requires a culture-dependent analysis of the pathogenic 
organisms. However, these techniques are limited by both the culturability of certain microorganisms, 
as well as the time-consuming biochemical and phenotypic analyses that are required [1, 2]. More 
recently, culture-independent techniques have been employed to provide a more complete picture of 
the ocular microbiota [3]. Both 16S rRNA gene- based sequencing and matrix assisted laser desorp-
tion ionization-time of flight mass spectrometry (MALDI-TOF-MS) have enabled clinical microbiol-
ogy laboratories to characterize a wide variety of bacteria, fungi, and viruses, as well as rapidly 
identifying those organisms utilizing standardized databases [2]. A significant percentage of the ocu-
lar microbiota is inhabited by bacterial species that have yet to be classified [3]. The role of these 
novel microbial species within the ocular microbiota remains to be elucidated.

The NIH Human Microbiome Project has helped to underscore the importance of the human 
microbiome in health and disease [4]. Metagenomic research has demonstrated a relationship between 
the gut microbiome and regulation of both innate and adaptive immunity [5]. Alteration of the human 
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microbiome using treatment with specific probiotic strains has recently been shown to improve the 
clinical manifestations of autoimmune dry eye in an experimental model [6]. Future studies on the 
effect of the gut microbiome on ocular surface disease (OSD) and blepharitis may introduce novel 
treatment strategies to improve or prevent OSD.

 Biomarkers for Disease

The diagnosis of blepharitis has been traditionally based on patient symptoms and clinical findings. 
Adjunctive diagnostic assessments help the clinician to refine the diagnosis and categorize the dis-
ease, select the most appropriate treatment, and evaluate the effects of treatment over time. Point-of-
care testing for tear osmolarity, lactoferrin and tear IgE, and MMP 9 have been commercially 
available for several years. Many other proteins present in the tear film have been identified in the 
laboratory but are not yet commercially available. It would be most useful to have a test that is able 
to detect and quantify a panel of biomarkers that could identify dry eye, ocular surface inflammation, 
and meibomian gland dysfunction. Tear film protein assays suitable for clinical use include lactofer-
rin, MMP-9, MUC5AC, IL-6, IL-8, S100A8/9, and NGF [7]. Additional biomarkers are being identi-
fied with newer diagnostic modalities, and the clinical utility of these biomarkers will need to be 
explored further [8].

 Omics and Bio-Data Science

In order to more fully understand the pathogenesis of blepharitis, examination of the underlying 
molecular mechanisms will help investigators diagnose disease, determine the prognosis, and design 
more effective treatments for the disease. Advances in sequencing, mass spectrometry, and bioinfor-
matics have resulted in a rapid expansion in the understanding of the molecular mechanisms of human 
disease [9]. Omics is a relatively new field of study that characterizes and quantifies different types of 
biological molecules on a large scale. Genomics is the study of all of the genes that make up an organ-
ism, and how those genes interact with one another and the environment. Once the human genome 
was mapped, the function and structure of different genes could be studied and compared to other 
humans, as well as other species. Scientists soon realized that the genome is only partially responsible 
for the development of complex diseases. The localized environment that the organism is exposed to 
influences gene expression and metabolism that can ultimately trigger different disease states [9].

Both proteomics, the study of the structure and function of cellular proteins, and metabolomics, the 
study of low molecular weight compounds in a biological sample, can influence human health and 
disease [9]. Analysis of the proteomic profile of human tears has identified over 1500 proteins that 
could be potential biomarkers of ocular and systemic disease [8]. Jiang and co-authors [10] recently 
identified 48 metabolites that contributed to the incidence of dry eye using metabolomic analyses. 
Proteomic analysis in a group of patients with graft-versus-host disease (GVHD) following allogenic 
hematopoietic cell transplantation (AHCT) identified 13 proteins that may predict the development of 
the more severe forms of GVHD [11]. Tong el al [12] have noted a correlation between the severity of 
meibomian gland disease (MGD) and specific tear proteins (calgranulin A & B) in dry eye patients 
using proteomic analysis. These proteins may serve as useful biomarkers to detect and follow these 
disease processes, assist in the development of commercial test kits, and identify treatment 
strategies.

Increasingly, network and pathway-based analyses, interactomics, may be applied to ophthalmic 
diseases in order to gain further insights into disease-specific gene regulatory networks and cell sig-

J. J. Reidy



105

naling pathways [13]. These complex analyses are made possible by employing bio- data science 
methods, a synergistic marriage between the core disciplines of biology, computer science, as well as 
mathematics and statistics [14].

 Senescence and Regenerative Medicine

Aging or senescence is a complex multifactorial process that affects the cellular components of the 
eye and adnexa, as well as the rest of the body. This process is driven by oxidative stress, damage to 
DNA and the repair process that  follows, inflammation, metagenic signaling, telomere shortening, 
and immunosenescence [15].

Aging changes of the ocular surface include decreased goblet cell density in the conjunctiva, grad-
ual telangiectasia of the eyelid margin, decreased IL-6 and IL-8 in the tear film, decreased tear film 
osmolarity, decreased tear volume, decreased tear film breakup time, and MG dropout [15]. The accu-
mulation of advanced glycation end-products (AGEs) occurs in connective tissue leading to conjunc-
tival chalasis, dermatochalasis, canthal laxity, loss of fibers from the orbicularis muscles, and 
intramuscular fibrosis [16]. The meibomian glands (MG) undergo acinar atrophy, thickening of cel-
lular basement membranes, intraductal hyperkeratinization, shortening of the central ducts and duc-
tiles, and lipogranulomatous inflammation resulting in decreased volume and quality of MG secretions 
[17]. Nien and colleagues [18] propose that altered PPARg (perioxisome proliferator- activated recep-
tor gamma), a regulator of lipogenesis and sebocyte differentiation, may underlie the senescent 
changes observed in the MG.

There is a gradual decrease in immune function (immunosenescence), and conversely an overall 
increase in autoimmunity associated with aging [15]. The thymus gland undergoes an incremental 
involution leading to decreased T cells and decreased cytokine levels [15]. Persistent low-grade 
inflammation, such as occurs with ocular rosacea, may lead to tissue destruction associated with 
chronic macrocyte and lymphocyte activation. Elevations in IL-1, IL-6, IL-8, and TNFα have been 
observed [19].

Therapeutic strategies for age-related changes should be based on three principles: prevention of 
senescence, reversal of the pathologic processes involved in the aging process, as well as regeneration 
or replacement of the affected cells or tissue. The interdisciplinary field of regenerative medicine is 
focused on the repair, replacement, or regeneration of cells, tissues, or organs to restore impaired 
function resulting from any cause including aging, disease, congenital defects, or trauma [20]. In the 
future, the causes and effects of chronic blepharitis may, in part, be addressed using the varied meth-
ods employed in regenerative medicine that include the use of soluble molecules, stem cell transplan-
tation, tissue engineering, genetic engineering, and advanced cellular therapy [21].

The use of hemoderivatives in the management of refractory dry eye disease, persistent epithelial 
defects, graft-versus-host disease, and neurotrophic keratitis have been widely adopted as adjunctive 
therapy of these disorders [22]. Both autologous serum (AS) and platelet-rich plasma (PRP) have 
been used successfully to treat number of different ocular surface diseases over the past 2-3 decades 
[23, 24]. These agents perform multiple functions similar to the normal tear film that include hydra-
tion and lubrication of the ocular surface, anti-inflammatory and antimicrobial properties, and 
enhancement of epithelial wound healing [22].

Stem cell therapy for the management of severe ocular surface disease has traditionally been 
reserved for severe acquired and congenital cornea limbal stem cell deficiency. In the past decade, 
there has been increasing interest in the use of mesenchymal stem cells (MSCs) to treat ocular disease 
[25]. These fibroblast-like cells are derived from the embryonic layer of the mesoderm and are self-
renewing and able to differentiate into multiple, distinctive progenitor cells [26]. Although originally 
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identified in the bone marrow, MSCs are also present in the umbilical cord, adipose tissue, and the 
corneal stroma [26]. Since they express neither major histocompatibility complex II (MHC-II), nor 
co-stimulatory molecules, they may be used allogeneically [27]. MSCs may be administered either 
intravenously [26], directly injected into or adjacent to the target tissue [22], or given topically [28]. 
The primary mechanisms of action of MSCs are as follows: immunomodulatory (decrease pro- 
inflammatory cytokines, increase anti- inflammatory cytokines, increase regulatory T cells, and modu-
late the balance of Th1 and Th2 cell populations) [22, 29]; inhibition of angiogenesis (decrease VEGF 
and MMP-2, and increases Thrombospondin1) [30]; regenerative (increase acinar cells within meibo-
mian glands, increase conjunctival goblet cells, increase tear volume, improve tear film stability, and 
enhance corneal epithelial healing) [22, 28]; cellular replacement (differentiation to corneal epithelial 
cells and keratocytes, and glandular epithelium within the meibomian glands and possibly in the lac-
rimal glands) [28, 31].

As noted above, the rapid advances that are currently taking place in biology, computer science, 
laboratory science, and bio-data science across the globe will continue to advance our understanding 
of the pathophysiology of this disease and will improve our ability to diagnose and treat patients. 
Technology and hard work will reduce the time between discovery and development of a cure for a 
multitude of ocular diseases.
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