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Preface

Dry eye disease (DED) is one the most common ocular conditions that affects 
millions of individuals worldwide and poses a significant burden on patients and 
healthcare systems globally. Despite its prevalence, dry eye disease is often under-
diagnosed and undertreated, significantly impacting the quality of life for those 
afflicted. Characterized by symptoms such as ocular discomfort, pain, irritation, 
and visual disturbances, DED results from  reduced tear production, increased tear 
evaporation, and/or altered tear composition. In most instances, a combination of 
these mechanisms causes DED. The underlying causes of DED are diverse and can 
include age-related changes, hormonal fluctuations, environmental factors, medica-
tions, and certain systemic conditions. The growing body of research on DED has led 
to substantial advancements in our understanding of the pathophysiology and risk 
factors as well as diagnosis and management of DED. Modern lifestyle habits, such 
as prolonged screen time and increased exposure to air pollutants, can exacerbate 
DED symptoms. These discoveries have influenced patient education and led to the 
development of protective measures. In addition, novel diagnostic and therapeutic 
approaches continue to emerge and are expected to improve quality of life and result 
in better long-term outcomes.

Recent Advances in Dry Eye Disease is a collection of chapters authored by expert 
researchers and clinicians that provides an update on the mechanisms, diagnosis, 
and management of DED. The chapters are organized into four sections. Section 1, 
“Introduction”, includes Chapter 1, “Introductory Chapter: Recent Advances in the 
Evaluation and Treatment of Dry Eye Disease ”. The chapter is a summary of the risk 
factors that have been highlighted in recent years, especially in the era of the COVID-
19 pandemic, the role of corneal imaging and tear-film parameters in the diagnosis 
and evaluation of DED, and clinical trials using novel treatments including artificial 
tear drops and topical anti-inflammatory agents. Research on the etiology of DED 
has continued to evolve, shedding light on new insights and potential contributing 
factors. In recent years, there have been advancements and emerging areas of interest. 
Section 2, “Updates on Etiology”, provides updates on the mechanisms, risk factors, 
and etiology of DED in three separate chapters (Chapters 2–4). Chapter 2, “Etiology 
of Dry Eye ”, reviews the etiologies, risk factors, and underlying mechanisms of DED. 
Computer vision syndrome refers to symptoms that result from prolonged use of 
video display terminals. It is a common condition in the modern digital age, affecting 
people of all ages, particularly those who spend extended periods of time in front 
of digital screens. In Chapter 3, “Computer Vision Syndrome”, the authors review 
the mechanisms, manifestations, and management of computer vision syndrome. 
Chapter 4, “Dry Eye and Allergic Conjunctivitis”, explores the mechanisms, diag-
nosis, and management of dry eye in patients with allergic conjunctivitis. Section 3, 
“Updates on Diagnosis”, includes Chapter 5, “Corneal Imaging Techniques for Dry Eye 
Disease”, which reviews the applications of conventional and modern corneal imag-
ing techniques in the diagnosis, classification, and evaluation of DED. Novel treat-
ments for DED aim to alleviate symptoms, improve the quality of the tear film, and 
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promote overall ocular surface health. Intense regulated pulsed light (IRPL) therapy 
is a relatively new and innovative treatment option for DED. Section 4, “Updates on 
Management”, includes Chapter 6, “Intense Regulated Pulsed Light (IRPL) for Dry 
Eye Treatment”, in which the applications of IRPL and evidence regarding the out-
comes of IRPL therapy in patients with DED have been discussed.

I would like to thank all the chapter authors for their invaluable contributions. Their 
expertise and dedication have enriched the content and provided readers with a com-
prehensive resource for staying current with the latest advancements in DED. I also 
express sincere appreciation to the editorial and publishing team for their support 
and assistance throughout the production process. Finally, I extend my gratitude to 
the readers of this book, including healthcare professionals, researchers, and students 
who seek knowledge in this field. Thank you for embarking on this journey with 
us, as we collectively strive to make significant advances in the understanding and 
 management of DED.

Danial Roshandel
Centre for Ophthalmology and Visual Science,

The University of Western Australia,
Perth, Australia
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Chapter 1

Introductory Chapter: Recent 
Advances in the Evaluation and 
Treatment of Dry Eye Disease
Danial Roshandel and Helia Ashourizadeh

1. Introduction

Dry eye disease (DED) is one of the most common ophthalmic disorders that is 
associated with significant vision-related, lifestyle, and economic burdens [1–3]. 
DED is 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 
tear film instability and hyperosmolarity, ocular surface inflammation and damage, 
and neurosensory abnormalities play etiological roles” [4]. The tear film is composed 
of a muco-aqueous layer protected by a lipid layer against evaporation and anchored 
to the corneal surface by a glycocalyx layer. Both the quantity and the quality of the 
tear film are important in maintaining ocular surface homeostasis [5]. Regardless of 
the underlying etiology, tear hyperosmolarity is the core component in the patho-
physiology of the DED. It triggers a cascade of events that eventually leads to reduced 
expression of glycocalyx mucins, apoptotic death of surface epithelial cells, and loss 
of goblet cells, which in turn aggravates the hyperosmolarity state and produces a 
vicious circle [6]. An increase in tear osmolarity may result from decreased aqueous 
production, excessive evaporation, and, more commonly, a combination of both [4]. 
Both conditions manifest tear instability, defective tear film protection of the ocular 
surface, and surface damage.

The etiology, pathophysiology, diagnosis, evaluation, and treatment of DED 
have been studied and reviewed extensively. Due to the rapid growth of research 
data in this field, which has resulted in remarkable advances in understanding the 
risk factors, etiologies, and mechanisms of DED, along with the development of 
novel diagnostic and therapeutic strategies, regular updates on the recent findings 
and evidence are mandatory. For instance, a simple PubMed search using “dry eye 
disease” keyword returns more than 700 review articles (accessed on 1st May 2023), 
more than half of which have been published over the past 3 years.

2. Etiology and risk factors

DED is a multifactorial disorder with a complex interaction between intrinsic 
and extrinsic factors. Aging, hormonal changes, systemic diseases and medica-
tions, environmental conditions, contact lens wearing, eyelid abnormalities, and 
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meibomian gland dysfunction (MGD) have been implicated in the development of 
DED. In recent years, factors such as lifestyle, societal, and environmental changes 
have been highlighted in recent studies as potential risk factors for DED that can 
threaten ocular surface health. In addition, the emergence of the COVID-19 pandemic 
and issues related to lockdowns have brought factors such as prolonged use of elec-
tronic devices and face masks and limited access to medical care during the lockdown 
periods to researchers’ attention as important risk factors for the development and/or 
worsening of DED [7–10]. The impact of lifestyle changes (e.g., increased screen time 
and reduced outdoor activity) and environmental challenges (e.g., global warming 
and food insecurity) on the development, course, and management of DED requires 
further studies. Computer vision syndrome is another example of emerging risk fac-
tor for DED [11]. Evidence regarding the genetic predisposition to DED are limited, 
though further investigation can improve our understanding of the etiology and 
mechanisms of DED [12].

3. Diagnosis, classification, and evaluation

Diagnosis, classification, and evaluation of DED have evolved significantly over 
the past decade. Ancillary tests have been used extensively for diagnosing DED, 
determining the severity, classifying the underlying pathophysiology, and monitoring 
the disease course and response to therapies. Although a range of standard methods 
for evaluation and classification of DED has been developed and validated, newer 
techniques and endpoints need further investigation before they can be used in clini-
cal trials as outcome measures. The tear film and ocular surface dry eye workshop II 
Diagnostic Methodology Report recommends that several factors be considered when 
diagnosing and evaluating DED. These factors include evaluating the symptoms and 
assessing the impact on vision quality. In addition, tear stability, tear volume, tear 
film composition, ocular surface damage, inflammation, and eyelid co-morbidities 
[13]. Ocular surface disease index (OSDI) and dry eye questionnaire-5 (DEQ-5) are 
the most common questionnaires used in clinical settings including clinical trials and 
are recommended by the DEWS II for the initial evaluation of dry eye symptoms. A 
comprehensive review of available questionnaires used in clinical studies and practice 
can be found in TFOS DEWS II Epidemiology Report – 2017 and a thorough review 
article by Okumura and colleagues [1, 14].

Numerous methods have been described to assess tear film stability. The tear film 
breakup time (TBUT) measures the time between a complete blink and the appearance 
of the first break in the tear film. TBUT is typically measured by applying fluorescein 
and observing the appearance of dry spots (FTBUT). An abnormal result is indicated 
if dry spots appear in less than 10 seconds. TBUT tests can have drawbacks such as low 
sensitivity and specificity, the use of fluorescein, which can affect measurements, and 
an invasive nature that can be uncomfortable for patients [15, 16]. Noninvasive breakup 
time (NIBUT) measurements have become increasingly popular in clinical practice and 
research due to the limitations of standard TBUT tests. Specialized equipment such as 
corneal topography systems, keratometers, videokeratoscopy, and interferometry-aided 
devices are typically used to perform these measurements [17–20].

Thermography, aberrometry, osmolarity variability, and tear evaporation rate 
are other methods to assess tear stability [13]. Tear evaporation is usually assessed 
by studies on the tear film lipid layer (TFLL) and meibomian gland structure and 
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function. Several interferometry and thermography instruments have been intro-
duced to measure the TFLL thickness and dynamics [21, 22]. Various methods are 
used to assess tear volume, including Schirmer’s test without anesthesia and stimula-
tion, which is the most popular method. Another technique to indirectly assess tear 
volume is strip meniscometry, which measures the lower tear meniscus volume. 
Tear meniscus height (TMH) can also be measured using slit-lamp bio-microscopy 
or digital imaging to estimate tear volume and determine aqueous deficient sever-
ity. Recently, optical coherence tomography (OCT) has emerged as a more precise 
method to measure tear film-related parameters. Staining of the cornea, conjunctiva, 
or lid margin by the fluorescein and/or Lissamine green is a reliable marker of ocular 
surface damage in the setting of DED. In vivo confocal microscopy [23], impression 
cytology [24], and ocular surface sensitivity [25] assessment are other methods to 
evaluate surface damage.

4. Treatment

Treatment strategies may vary depending on factors such as the type of DED (i.e., 
aqueous tear deficiency, evaporative tear deficiency, or combination of both), disease 
severity according to clinical signs (e.g., ocular surface damage) and subjective 
symptoms (e.g., blurred vision, pain, etc.), impact on the daily living activities and 
quality of life, and the underlying condition. While most mild cases can be managed 
by conservative measures, severe cases with a major impact on the quality of life may 
require a more aggressive treatment or surgical intervention.

Lubricating agents such as artificial tears are the mainstay of the treatment 
of DED. Numerous formulations and combinations of artificial tears are com-
mercially available [26]. In addition, multiple new formulations and compounds 
are under investigation in clinical trials (e.g., NCT04701086, NCT05356728, and 
NCT04702776). Anti-inflammatory drops play an indispensable role in the manage-
ment of moderate to severe dry eye, especially DED associated with Sjögren syn-
drome (SS). While corticosteroids and nonsteroidal anti-inflammatory drops such 
as cyclosporine and tacrolimus eye drops are being widely used for the treatment of 
DED in primary SS and chronic graft versus host disease [27, 28], novel agents are 
under investigation in various clinical trials (e.g., NCT04819269, NCT05201170 and 
NCT04792580).

MGD is a major cause of evaporative dry eye. Evaluation and management of 
MGD can be challenging. Noninvasive assessment of using in vivo confocal micros-
copy and anterior segment OCT can provide useful information regarding the 
structure and function of the meibomian glands [29]. Warm compress and lid hygiene 
are still the main treatments for MGD. Other methods such as intense pulsed light and 
vectored thermal pulsation therapy have shown promising results [30, 31].

Although conservative and medical treatments can effectively ameliorate the 
symptoms of DED in many patients, severe cases may require additional measures 
including scleral contact lenses such as prosthetic replacement of the ocular surface 
ecosystem [32], minimally invasive interventions such as temporary or permanent 
punctal occlusion [33], or more invasive surgeries such as tarsorrhaphy and sali-
vary gland and oral mucosal grafting [34, 35]. A combination of these approaches 
may be used in extreme cases to prevent devastating complications such as corneal 
perforation.
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5. Conclusion

The emergence of lifestyle, environmental, and societal risk factors and develop-
ment of novel evaluation techniques and treatment strategies for DED warrants 
regular updates on the most recent advances and their impact on the practice pattern. 
The prolonged use of visual display terminals continues to be a growing concern 
regarding ocular surface health and can be a major risk factor for DED in the coming 
years. Global warming and air pollution are other potential major risk factors for 
DED in the future. Recent advances in the objective assessment of the tear film and 
meibomian glands were useful for the classification and evaluation of DED and are 
gaining popularity as accurate and reliable outcome measures in DED clinical trials. 
Similarly, artificial tear formulations have evolved notably, which may result in better 
ocular surface protection index and more efficient and prolonged symptom relief. In 
addition, novel topical anti-inflammatory drugs that selectively block immunologic 
responses in the ocular surface have shown promising results in clinical trials. Finally, 
cell and gene-based therapies may offer permanent solution for DED in certain 
circumstances, which requires further exploration in the future.
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Chapter 2

Etiology of Dry Eye
Pushpa D. Rao

Abstract

The scope of this chapter is to provide insights into the classification based on 
the significant factors causing dry eye. The etiological causes of dry eye have been 
classified broadly into two primary arms. The first arm, aqueous deficient dry eye 
(ADDE), illustrates malfunction of normal lacrimal secretion causing tear hyposecre-
tion. ADDE is subdivided into Sjogren’s and the non-Sjogren’s syndrome. The former 
exclusively includes systemic autoimmune characteristics, while the latter comprises 
age-related disorders, genetic disorders, denervation in the lacrimal gland, and 
obstruction in tear secretion. The second arm, evaporative dry eye (EDE), explains 
the excessive loss of aqueous from the tear film despite the normal lacrimal secre-
tion. Extrinsic EDE is with ocular surface pathology caused by vitamin A deficiency, 
contact lens wear, use of topical drugs with preservatives, and ocular surface diseases 
(allergic eye disease). The intrinsic EDE encompasses abnormalities in the meibo-
mian lipid deficiency, low blink rate, and poor lid congruity. In brief, clinical tests 
to investigate the corneal epithelium integrity and the tear film have been discussed. 
This chapter aims to highlight the main etiologies of dry eye disease (DED) and cur-
rent updates on techniques involved in diagnosing DED to help clinical practice.

Keywords: dry eye, etiology, tear film, tear hyperosmolarity, ocular surface

1. Introduction

Dry eye disease (DED) is associated with a chronic inflammatory condition of 
the ocular surface comprising tear hyperosmolarity and disorder of the lacrimal 
functional unit (LFU) [1]. LFU contains the lacrimal glands, ocular surface (cornea, 
conjunctiva, and meibomian glands), and the sensory and motor nerves that connect 
them to form an integrated system known as a “Reflex arc” [2]. LFU plays a significant 
role in maintaining the tear film in a regulated manner. Environmental, endocrino-
logical, and cortical influence the functionality of LFU. Its function is to preserve the 
integrity of the tear film and the corneal transparency [2, 3]. There are two compart-
ments of tears at the surface of the open eye. The first lies in the fornices and the 
spaces behind the lids, and the second is called the pre-ocular tears that comprise the 
tear menisci and the tear film. The tear film is about 3 μm thick layer [4]. The lipid 
layer hinders the evaporation of tear film surfaced on the top of the tear film, derived 
from the meibomian glands. The lacrimal gland mainly contributes to the aqueous 
component of the tear film lying below the surface lipid layer. The conjunctival goblet 
cells contribute to the mucin layer that lies over the corneal surface [5]. The mucin 
forms like a gel layer over the corneal surface and protects to keep up the moisture of 
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the normal ocular surface. These three layers of the tear film help protect the exposed 
ocular surface from desiccation. Lacrimal secretion is at its minimum during sleep 
[6]. When the eyes are open in the waking state, the lacrimal secretion is determined 
by the sensory stimuli to increase the tear flow rate. A functional Reflex arc is the key 
to controlling the tear flow and maintaining the homeostasis of tear osmolarity. The 
Reflex arc comprises the afferent and the efferent limb, while the former is contrib-
uted from the trigeminal innervation of the ocular surface (cornea) [7]. The trigemi-
nal neurons synapse in the superior salivatory nucleus in the brainstem. This is the 
nervus intermedius of the VIIth cranial nerve, carrying the region where the efferent 
limb of the reflex arc arises. These parasympathetic nerve fibers synapses with the 
other neuronal connections, help supply to the glandular tissues, and aid in their 
secretion function. The reflex arc functions as a “feedback loop” [2, 3] and can be 
influenced by humidity, airflow, temperature, and blink rate. Damage to the afferent 
sensory nerves or the efferent autonomic and motor nerves will lead to dysfunction 
in the tear-secreting glands. This causes an alteration in the function of LFU, leading 
to tear film instability and ocular surface disease, mainly dry eye. Inflammation in 
the ocular surface accompanying chronic alteration in tear secretion due to reduced 
corneal sensation results in tear film instability [8]. Therefore, dysfunction of LFU 
has been identified to be prominent in the development of various forms of dry eye. 
There are two major divisions of dry eye (discussed later in this chapter): 1. Aqueous-
deficient dry eye and 2. Evaporative dry eye. Both lead to tear hyperosmolarity.

1.1 Ocular surface homeostasis and hyperosmolarity

Homeostasis in the ocular surface is correlated with the tear hyperosmolarity 
influenced by the sensory stimulation to the lacrimal gland via the LFU. In evaporative 
dry eye, the lacrimal gland is healthy to stimulate secretory response and compensate 
for the tear volume with a rise in tear osmolarity. However, this is accountable for a 
high-volume dry eye with increased tear secretion in patients suffering from meibo-
mian gland dysfunction, which causes a deficiency of the tear film lipid layer [9]. On 
the contrary, the aqueous-deficient dry eye with dysfunction in the lacrimal gland is 
characterized by tear hyperosmolarity associated with low tear volume [10]. Of note, 
excessive reflex stimulation of the lacrimal gland may induce cytokine responses in 
the gland, initiating a cascade of autoantigen expression and T-cell activation with the 
release of inflammatory mediators into the tears [3]. “Lacrimal exhaustion” may also 
be induced due to intense reflex stimulation of the lacrimal gland [11].

Hyperosmolarity is regarded as the central mechanism for various forms of dry 
eye as a response to reduced tear flow or increased tear evaporation. Tear film insta-
bility and thinning of the tear film with excessive aqueous evaporation are the events 
that influence tear hyperosmolarity. Tear hyperosmolarity stimulates a sequence of 
inflammatory events in the ocular surface epithelium, involving NF-kB signaling and 
MAP kinases pathways [12] with the secretion of inflammatory cytokines (IL-1α, 
IL-1β, and TNF-α) and matrix metalloproteinases (e.g., MMP9) [13]. The cytokines 
activate inflammatory cells at the ocular surface [14], cause apoptosis of the surface 
epithelium, and reduced expression of glycocalyx mucins, eventually leading to the 
loss of goblet cells [15]. Damage to the epithelium or apoptosis is fundamental for 
ocular surface staining in a dry eye. Additionally, a loss of protective barrier (glyco-
calyx mucins) will aid in the dye (fluorescein) entry in comparison to the normal 
lubricated ocular surface with an intact ocular surface barrier [10]. Goblet cell loss 
is a phenomenon investigated in dry eye [16, 17], demonstrated by conjunctival 
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biopsy and impression cytology that show reduced levels of the gel mucin MUC5AC 
[18]. Tear hyperosmolarity and inflammatory mediators in tear causes discomfort, 
especially during blinking, due to the loss of goblet cell mucin that helps maintain the 
ocular surface’s lubrication. Ocular surface damage, mainly with the loss or damage 
to the epithelial glycocalyx, leads to insufficient lubrication, tear film instability, 
and progressive shortening of the tear film break-up time [19]. In the presence of a 
shorter break-up time, an increase in the level of hyperosmolarity is expected. Ocular 
surface damage, caused by osmotic stress and inflammatory events, will result in the 
reflex stimulation of the lacrimal gland. This is responsible for increasing the blink 
rate and increasing lacrimal tear secretion. Patients with meibomian gland dysfunc-
tion were diagnosed with the high-volume dry eye with increased tear secretion [9]. 
Experimental models suggest that intense reflex stimulation of the lacrimal gland 
may induce an inflammatory response in the gland. This will lead to a cascade of 
events, such as autoantigen expression in the gland, T-cell activation, and the release 
of inflammatory mediators into the tears [3, 20]. Reports have indicated to induce a 
state of “lacrimal exhaustion,” which may need further evidence to test this hypoth-
esis [21]. Tear Hyperosmolarity attained at the eye surface gives rise to a vicious cycle 
of events that results not only in symptoms and compensatory responses but also in 
ocular surface damage and mediating inflammatory responses. Eventually, it drives 
into a self-perpetuated disease.

1.2 The role of the environment in dry eye

Dry eye is susceptible to environmental conditions that can increase tear evapora-
tion and osmolarity. These conditions may aggravate various forms of dry eye or 
trigger its onset in predisposed patients. The term environment can be broadly divided 
into (a) physiological variation between the individuals that include low natural 
blink rate [22], variations in the palpebral aperture [23], and sex hormones [24, 25]. 
(b) ambient conditions an individual encounters include environmental factors that 
increase tear evaporation, such as lower relative humidity, high wind velocity, air con-
ditioning, air travel, or exposure to another artificial environment [26]. This influences 
tear hyperosmolarity induced by prolonged blink interval or with widened palpebral 
aperture, which is common during extended usage of a video display terminal, 
microscopy, reading, and the performance of challenging visual tasks, which reduce 
the blink rate or more extended periods with the eyes held up in gaze [27]. The other 
factors include the use of systemic drugs, which reduce lacrimal secretion, causing 
tear hyperosmolarity and may be listed as a risk factor for dry eye [28]. A correlation 
between activities of daily living the dry eye disease symptoms has been explored [29]. 
Awareness of such influences may allow preventative measures to be implemented.

1.3 The role of corneal sensitivity

A phenomenon of increased corneal sensory excitability was reported in dry 
patients [30]. This is expected to increase pain and compensatory lacrimal response in 
dry eye patients. Interestingly, in dry eye, morphological changes have been recorded 
via confocal microscopy that showed a reduction in the subbasal nerve plexus bundles 
in the cornea [31]. These results relate to observations made in several reports suggest-
ing impaired corneal sensitivity in chronic dry eye disease [32]. With advancing dry eye 
disease, sensory loss at the ocular surface is evident, which reduces the sensory drive 
and stimulation to the lacrimal gland. Therefore, tear hyperosmolarity would increase 
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with reduced lacrimal secretion, eventually leading to a fall in tear volume and tear 
film thickness. Furthermore, a slowing of tear film lipid layer spreading [33], with an 
increase in tear evaporation, is observed. Overall, ocular surface changes during dry eye 
are negatively affected by a reduction in corneal sensitivity and a loss of sensory drive.

2. Major etiological causes of dry eye

The leading etiological causes of dry eye have been portrayed as etiopathogenic 
classification developed by the subcommittee presented in the National Eye Institute 
(NEI) industry workshop report with a current understanding of DED (Figure 1).

As stated earlier in the 1995 report, the term keratoconjunctivitis sicca (KCS) is 
regarded as synonymous with the term dry eye. As illustrated in Figure 1, there are 
two major classes of dry eye: (1) aqueous tear-deficient dry eye (ADDE) and (2) 
evaporative dry eye (EDE). ADDE refers to mainly the failure of lacrimal secre-
tion, while EDE has been subdivided to differentiate the causes that are dependent 
on intrinsic conditions of the eyelids and ocular surface and those that arise from 
extrinsic influences. It is recognized that disease initiated in one significant division 
may coexist with or even progress to dry eye by another considerable mechanism. 
This is part of a vicious cycle of interactions that can enhance the severity of dry 
eye. Overall, consequences of dry eye include goblet cell loss, which will contribute 
to loss of tear film stability, ocular surface damage and evaporative water loss, and 
symptoms resulting from a failure of ocular surface lubrication and inflammation.

The major groups and subgroups of dry eye are described below.

2.1 Aqueous tear-deficient dry eye (tear deficient dry eye)

Dysfunction in the lacrimal gland leads to the aqueous-deficient dry eye that 
reduces lacrimal tear secretion and volume [34]. Tear-deficient dry eye causes tear 
hyperosmolarity. Reduced lacrimal secretion may be due to 1 Sjogren syndrome, 2 

Figure 1. 
Etiological classification of dry eye.
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obstruction to its outflow, and 3 an intervention with the homeostatic mechanism. A 
reflex sensory blockade may be caused due to topical anesthesia, and efferent block-
ade may be due to damage in the pterygopalatine ganglion and third-order neurons 
[35]. Additionally, lacrimal secretion may be pharmacologically inhibited by certain 
systemic drugs [36]. Tear film hyperosmolarity causes an increase in osmolarity of the 
ocular surface epithelium and stimulates a cascade of inflammatory events involving 
MAP kinases and NFkB signaling pathways [12, 37] and the secretion of inflamma-
tory cytokines (interleukin (IL)-1A; -1B; tumor necrosis factor (TNF)-A); and matrix 
metalloproteinases (MMP-9) [13]. During lacrimal dysfunction due to lacrimal gland 
infiltration and inflammation, inflammatory mediators generated in the gland may 
find their way into the tears and be delivered to the ocular surface. The inflammatory 
mediators are detected in tears and can be derived from the lacrimal gland or the 
ocular surface (conjunctiva and cornea). Studies have reported that the tear film lipid 
layer in ADDE has a delayed spreading of the lipid layer in the interblink [38, 39]. In 
severe ADDE, spreading may be undetectable by interferometry, suggesting signifi-
cant damage to the tear film lipid layer. Delayed improper spreading of the tear film 
may increase an aqueous loss from the tear film. ADDE can be divided into two major 
subgroups, Sjogren syndrome dry eye (SSDE) and non-Sjorgen syndrome dry eye.

2.1.1 Sjogren syndrome dry eye (SSDE)

Sjogren syndrome is an exocrinopathy that involves the lacrimal and salivary 
glands targeted by an autoimmune process. Immune cell infiltration, mainly the 
activated T cells, occurs in the lacrimal and salivary glands, which causes acinar and 
ductular cell death. This leads to the hyposecretion of tears or saliva. The inflamma-
tory process in the glands leads to the expression of autoantigens in the epithelium 
of the ocular surface [40] with the homing of tissue-specific CD4 and CD8 T-cells 
[41]. Th1 cells and cytokines as INF-ϒ were considered to be the main components of 
tissue damage, with new evidence of the major role played by Th-17 cells (T follicular 
(Tf), Th22, and Treg cells—the IL-17 axis) and the cytokines, especially IL-17, in the 
salivary and lacrimal glands [42, 43]. A neurosecretory block influences the hypose-
cretion of the tears due to the effects of immune cell influx and secretion of inflam-
matory cytokines or the presence of circulating antibodies (e.g., anti-M3 antibody) 
directed against muscarinic receptors within the glands [44, 45].

There are two forms of SSDE:

a. Primary SSDE consists of ADDE integrated with symptoms of dry mouth, 
reduced salivary secretion, and autoantibodies [46, 47].

b. Secondary SSDE consists of the features of primary SSDE along with the charac-
teristics of an autoimmune connective disease, such as rheumatoid arthritis, sys-
temic lupus erythematosus, Wegener’s granulomatosis, primary biliary sclerosis, 
polyarteritis nodosa, systemic sclerosis, or mixed connective tissue disease.

It is essential to note the risk factors of SSDE, which include genetic profile [48], 
androgen status [49], and exposure to environmental agents. For instance, a study 
investigated from a mouse model of ocular HSV-1 infection showed that the lacrimal 
gland was affected by the immune cell influx (CD4 and CD8 T cells), causing reduced 
tear volume [50]. Additionally, nutritional deficiency in omega-3, Vit C, and other 
unsaturated fatty acids has also been reported in patients with SSDE [51]. Environmental 
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factors causing increased evaporative water loss from the eye may trigger inflammatory 
events at the ocular surface via a hyperosmolar mechanism. A defective tear film lipid 
layer is identified to contribute to dry eye leading to evaporation [52]. This can be corre-
lated to high rates of meibomian gland dysfunction in SSDE patients when compared to 
the average population [52]. Overall, the ocular dryness in SSDE is due to hyposecretion 
in the lacrimal glands associated with the characteristic inflammatory changes within the 
gland in the presence of inflammatory mediators in tears [53].

2.1.2 Non-Sjogren syndrome dry eye

Non-Sjogren syndrome dry eye is a type of ADDE caused due to lacrimal dysfunc-
tion but not with the characteristics of systemic autoimmunity; age-related dry eye is 
the most common. The different types of NSSDE are briefly discussed below.

2.1.2.1 Primary lacrimal gland deficiencies

i. Age-related dry eye (ARDE): A significant age-related correlation for tear 
evaporation, volume, flow, and osmolarity, was reported by Mathers et al. 
[54]. Still, no correlation was noted by Craig and Tomlinson [55] or in other 
reports concerning tear turnover [56] and lipid layer [57]. With increasing age 
in an average population, an increase in ductal pathology has been reported 
that may promote lacrimal gland dysfunction by its obstructive effect [58, 59]. 
The ductal pathology included periductal fibrosis, interacinar fibrosis, 
periductal blood vessel loss, and acinar cell atrophy [58, 59]. Lymphocytic 
immune cell infiltrates in 70% of lacrimal glands were studied and identi-
fied as the basis of fibrosis [58]. However, it appeared to be less severe when 
compared to Sjogren syndrome.

ii. Congenital alacrima: Congenital alacrima is reported to be a rare cause of dry 
eye in youth [60]. It is also part of the autosomal recessive, triple A syndrome 
(Allgrove syndrome), in which congenital alacrima is accompanied by achalasia 
of the cardia, Addison’s disease, central neurodegeneration, and autonomic 
dysfunction [61]. It is caused by harmful mutations in the gene encoding the 
protein ALADIN and is involved in RNA and protein trafficking between the 
nucleus and cytoplasm [62, 63].

iii. Familial dysautonomia: Familial dysautonomia (Riley Day syndrome) is an auto-
somal recessive disorder associated with lacrimal dysfunction. Consequences 
include a generalized insensitivity to pain by a marked lack of emotional and 
reflex tearing within a multisystem condition. This is accompanied by develop-
mental and progressive neuronal abnormality of the lacrimal gland’s cervical 
sympathetic and parasympathetic innervations and a defective sensory innerva-
tion of the ocular surface. This affects both small myelinated (AD) and unmy-
elinated (C) trigeminal neurons [64, 65]. The mutation mainly affects the gene 
encoding an IKB kinase-associated protein.

2.1.2.2 Secondary lacrimal gland deficiencies

Inflammatory infiltration of the lacrimal gland is known to cause dysfunction in 
tear secretion.
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i. Sarcoidosis: Lacrimal gland infiltration by sarcoid granulomata causes dry eye [66].

ii. Lymphoma: Infiltration of the lacrimal gland by lymphomatous cells causes dry 
eye [67].

iii. AIDS: Dry eye may be caused by T-cell infiltration in the lacrimal gland. 
However, in AIDS-related dry eye, unlike SSDE, CD8 suppressor cells are 
predominant rather than CD4 helper cells [68].

iv. Graft versus host disease (GVHD): Dry eye is a frequently observed complication 
of GVHD disease. It may typically occur around six months after hematopoietic 
stem cell transplantation. The leading cause of this is infiltration of both CD4 
and CD8 T-lymphocytes, which colocalizes with antigen-presenting fibroblasts 
in the periductal area of the glands leading to lacrimal gland fibrosis [69, 70].

v. Lacrimal gland ablation: Dry eye may be caused by partial or complete ablation 
of the palpebral and/or main lacrimal gland. However, this effect can be rescued 
by the accessory gland and conjunctival secretion [34]. In some species (pri-
mates), it is shown that the ablation of the main lacrimal gland may reduce basal 
and reflex tear secretion levels but does not lead to dry eye [71].

vi. Lacrimal gland denervation: Parasympathetic denervation of the human lac-
rimal gland may cause dry eye [72]. As reported in some animal model experi-
ments, it has been shown that lacrimal gland denervation causes reduced tear 
flow and decreased lacrimal protein secretion associated with inflammatory 
changes in the gland [71].

2.1.2.3 Obstruction of the lacrimal gland ducts

Obstructing the principal, palpebral, and accessory lacrimal gland ducts lead to 
aqueous-deficient dry eye. Additionally, deformity in the eyelid influences uneven 
tear film spreading. Specific conditions are discussed below.

i. Trachoma: Trachoma comprises corneal opacity leading to blindness. It is caused 
by tarsal and conjunctival scarring, trichiasis, and a cicatrizing meibomian gland 
obstruction. A dry eye may be caused resulting from lacrimal duct obstruction, 
lid mal-apposition, and a deficient tear film lipid layer [73].

ii. Cicatricial pemphigoid and mucous membrane pemphigoid: This is a mucocu-
taneous disorder characterized by skin blistering and blistering in the mucous 
membranes, leading to severe conjunctival scarring. Dry eye may also be caused 
by an obstruction in the lacrimal gland, cicatricial MGD, and/or poor lid apposi-
tion [74, 75].

iii. Erythema multiforme: This is an acute, self-limited mucocutaneous condition 
usually precipitated by drugs, infection, or malignancy. Dry eye may be caused 
due to conjunctival scarring [76].

iv. Chemical and thermal burns: Burns that are diffuse may cause much scarring to 
cause dry eye [46].
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2.1.2.4 Reflex hyposecretion

2.1.2.4.1 Reflex sensory block

Tear secretion in the waking state is induced by trigeminal sensory input 
arising from the nasolacrimal passages and the eye. When the eyes are open, an 
increased reflex sensory drive is stimulated from the exposed ocular surface. 
A depletion in the sensory movement from the ocular surface may play a role 
in the cause of dry eye in two routes, first, by reducing reflex-induced lacrimal 
tear secretion and, second, by lowering the blink rate and, thereby, increasing 
evaporative loss [47]. It is evident from the reports that experiment conducted on 
the rabbit models has shown that trigeminal denervation alters the regulation of 
lacrimal protein secretion [77].

i. Contact lens wear: Extended contact lens wear has been reported to reduce 
sensitivity in the cornea, and this can happen in individuals who wear hard 
and extended-wear contact lenses. Experimental evidence from the rab-
bit model showed trigeminal denervation to increase tear film osmolarity 
and cause morphological changes in the ocular surface characteristic of dry 
eye [78]. When studies were conducted on patients wearing contact lenses, 
elevated tear osmolarity levels were recorded, leading to dry eye symptoms 
[79, 80]. Therefore, this has promoted to advance of LASIK surgery in patients. 
However, some patients’ neurotrophic deficiency or neuralgic disorder was 
reported post-LASIK surgery [30, 81].

ii. Diabetes: It is evident from the research reports that diabetes mellitus has been 
studied as a risk factor for dry eye [82–84]. The prevalence of dry eye symptoms 
was evident in 18.1% of diabetics compared to 14.1% of non-diabetics in the 
Beaver Dam study [83, 84]. Interestingly, reports also suggested the frequency 
of use of ocular lubricants in people with diabetes (20.6%) when compared to 
non-diabetics (13.8%) [82]. This study also investigated a correlation between 
abnormal glycemic levels (as indicated by serum HbA1C) and frequency of 
ocular lubricant use. In diabetic patients, neuropathic disorders could be hypoth-
esized to influence tear volume levels/tear secretion from the lacrimal glands. 
Goebbels et al. reported lower levels of reflex tears tested by the Schirmer’s test 
in people with diabetes with no change in the basal tear flow or the tear film 
break-up time tested by a fluorophotometer. A study found a reduction in reflex 
tearing (Schirmer test) in insulin-dependent diabetics but no difference in tear 
film break-up time or basal tear flow by fluorophotometry [85].

iii. Neurotrophic keratitis: Neurotrophic keratitis is the hallmark of the herpes ocular 
infection, mainly involving damage to the sensory nerves in the cornea, bulbar 
and palpebral conjunctiva. Sensory denervation in the ocular surface will lead to 
characteristic features of dry eye such as tear instability, loss of mucin-secreting 
goblet cells, the appearance of diffuse punctate keratitis, and occurrence of 
ulcerative keratitis, which may lead to perforation [86, 87]. Damage to the 
sensory nerves results in a reduced blink rate and lacrimal secretion of tears [88]. 
Furthermore, it has been proposed that sensory loss in the ocular surface will 
lead to the loss of trophic support with the deficiency in the expression of nerve 
growth factor and substance P [89–92].
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2.1.2.4.2 Reflex motor block

The VII cranial nerve nervus intermedius carries postganglionic, parasympathetic 
nerve fibers (of pterygopalatine ganglion origin) to the lacrimal gland. Significant 
damage to the VII cranial nerve leads to dry eye due to loss of lacrimal secretomotor 
function and lacrimal hyposecretion. Additionally, incomplete lid closure with mul-
tiple neuromatosis has also been reported as a characteristic of dry eye [93]. Several 
studies have reported a correlation between dry eye and reduced lacrimal tear secre-
tion with systemic drug agents such as beta-blockers, antispasmodics, diuretics, and 
antihistamines [84]. On the contrary, no relationship was found with calcium channel 
blockers or cholesterol-lowering drugs [84].

2.2 Evaporative dry eye

Evaporative dry eye is caused due to increased water loss (evaporation) from the 
tear film in the presence of normal lacrimal secretory function. The tear film lipid 
layer is the main barrier to evaporation from the ocular surface. The loss of the tear 
film lipid layer due to meibomian gland dysfunction (MGD) is the leading cause of 
evaporative dry eye. Nevertheless, evaporation may also be increased by a prolonged 
blink interval or a widened palpebral aperture [9]. Of note, tear hyperosmolarity is 
also observed as an elevated characteristic feature due to evaporative water loss from 
the tear film. Evaporative dry eye can be distinguished further concerning the intrin-
sic disease affecting lid structures or dynamics or extrinsic, where the ocular surface 
disease occurs due to various irrelevant exposure such as topical drugs, contact lenses, 
and others (discussed in Section 2.2.2).

2.2.1 Intrinsic causes

2.2.1.1 Meibomian gland dysfunction (MGD)

MGD is a condition with meibomian gland dysfunction and posterior blepharitis, 
the leading and common cause of evaporative dry eye [94]. MGD is associated with 
the obstruction in the gland hindering lipid secretion. Other observations are noted in 
experimental models, including glandular cyst formation and meibomian duct kera-
tinization [95, 96]. MGD can be distinguished as simple or cicatricial, primary or sec-
ondary. In simple MGD, the orifices of the gland remain located within the eyelid skin 
(anterior to the mucocutaneous junction). In cicatricial MGD, the orifices of the duct 
are drawn posteriorly onto the tarsal mucosa and the lid. This makes it incapable of 
delivering lipids to the tear film. Criteria for diagnosis are based on morphologic fea-
tures of the gland acini and duct orifices. Methods are developed to grade the degree of 
MGD [97], measure the degree of gland dropout (meibography) [98, 99], and measure 
the levels of lipid in the lid margin reservoir (meibometry) [100]. MGD is correlated 
with the deficiency in the tear film lipid layer leading to an increase in tear evaporation 
with a higher risk of the occurrence of evaporative dry eye. An exciting finding showed 
the importance of meibomian lipid composition and its effect on tear film lipid layer 
stability. Variations in meibomian lipid composition were investigated in different 
individuals; for instance, one group of subjects had low levels of cholesterol esters and 
esters of unsaturated fatty acids, while the other group had high levels of these frac-
tions [101]. Intriguingly, it was studied that the eyelid commensals (coagulase-negative 
staphylococci [CoNS], Propionibacterium acnes, and S aureus) play a role in releasing 
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esterases, lipases fatty acids, mono- and diglycerides into the tear film [102]. The study 
also showed that the subjects who had a high commensal load on the eyelid margin had 
meibomian lipid composition rich in cholesterol when compared to the issues with low 
levels of cholesterol in the meibomian lipid [103]. Therefore, microbial load on the lid 
margin may influence the development of blepharitis.

2.2.1.2 Disorders of lid aperture and lid/globe congruity or dynamics

An increase in palpebral fissure width exposes the tear film to greater evaporation with 
a risk of desiccation in the ocular surface and tear hyperosmolarity [19, 104]. Desiccation 
of the ocular surface occurs due to poor lid apposition or lid deformity, leading to 
improper tear film resurfacing [19]. In Graves’ disease, the effect of proptosis on exposure 
is compounded by lid retraction, incomplete blinking, or lid closure, by restriction of eye 
movements, which plays a part in tear spreading [105]. Increased ocular surface exposure 
and evaporation also occur in up gaze [106]. Desiccating stress in the ocular surface may 
also occur in the workplace through activities such as snooker, where, while aiming, the 
head is inclined downward, and the eyes are in the extreme up gaze [107].

2.2.1.3 Low blink rate

A complete blinking is essential to replenish the tear film by evenly distributing 
the aqueous tears (lacrimal glands) and lipids (from meibomian glands) over the ocu-
lar surface. Aqueous tears evaporate from the tear film during the interval between 
each blink. Hence, reduced or low blinking will result in dryness of the ocular surface, 
leading to increased evaporative loss and dry eye.

Ocular surface desiccation may be due to a reduced blink rate, which increases the 
blink interval time and extends the period for tear evaporation before the next blink 
[108, 109]. Reduced blink rate may occur during tasks involving increased concentra-
tion, especially while working at video terminals [27], with video games, at micro-
scopes, and when the eyes are in a downgaze, as in reading. This phenomenon may 
also occur in the extrapyramidal disorder Parkinson’s disease (PD) due to a reduction 
in the dopaminergic neurons of the substantia nigra [110]. Additionally, reduced 
reflex tearing in PD has been associated with autonomic dysfunction, considering the 
presence of sympathetic and peripheral parasympathetic ganglia and Lewy bodies in 
the substantia nigra [111]. Other contributing factors in PD include impaired mei-
bomian oil delivery, decreased reflex tearing due to autonomic dysfunction, and the 
effects of androgen deficiency on the lacrimal and meibomian glands [112]. Overall, it 
can be summarized from these studies that there are multiple causes of dry eye in PD.

Of note, a common extrinsic risk factor for dry eye in today’s world is increased 
digital screen time, for example, smartphone, tablet, laptop, and computer use. 
Studies have reported a relationship between digital screen use and dry eye, affecting 
the blinking dynamics and leading to ocular dryness [113]. Furthermore, a relation-
ship between increased digital screen use and ocular surface metrics involving 
tear volume and tear-break-up time status has been studied, affecting the aqueous 
component of the tear film [114]. Blink rates during reading tasks on digital screens 
have been found to reduce compared to rest conditions [27, 115]. Intriguingly, read-
ing hard-copy material also decreases the blink rate like reading on a digital screen 
[116, 117]. A resurgence in digital screen use during the COVID-19 pandemic led to 
an increased risk factor for DED in the individuals staying home with an incentive to 
learn, work, and socialize remotely [118].
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Digital screen use is part of everyday life and is a risk factor for DED. A valid 
explanation to relate digital screen use and DED is the reduced blink rate and 
increased percentage of incomplete blinks during the digital screen. This may lead to 
ocular surface dryness, eventually leading to the development of DED with chronic 
use of the digital screen for extended periods. Hence, the prevention of DED may 
involve the following:

i. Deliberately blinking the eyes.

ii. Allowing natural blinking of the eyes.

iii. Incorporating environmental modifications aimed at reducing tear evaporation 
from the ocular surface and compensating for tear film instability.

2.2.2 Extrinsic causes

A disease of the ocular surface disorder may lead to poor surface wetting, early 
tear film break-up, tear hyperosmolarity, and eventually dry eye conditions. Extrinsic 
causes include mainly vitamin A deficiency and the effects of extensively applied 
topical anesthetics and preservatives. Additionally, contact lenses may be responsible 
for an increased risk of dry eye.

2.2.2.1 Vitamin A deficiency

Deficiency in vitamin A may cause dry eye (xerophthalmia) through a decrease 
in several functional conjunctival goblet cells with reduced expression of glycocalyx 
mucins [119]. Vitamin A is reported to be essential for both the development of goblet 
cells in mucous membranes and the presentation of glycocalyx mucins [119, 120]. 
In patients with xerophthalmia, lacrimal acinar damage is diagnosed that may have 
a lacrimal, aqueous tear-deficient dry eye featured with unstable tear film [121]. 
Vitamin A is found to be crucial for inducing mucin gene expression, mucin produc-
tion, and the maintenance of mucin [122, 123]. Retinoids have been shown to play 
a role in regulating mucin gene expression In-vivo. The reports have indicated the 
importance of vitamin A via studies conducted in vitamin A-deficient humans and rat 
models. The study reported reduced conjunctival goblet cells with keratinization in 
the conjunctival epithelium [124]. Therefore, vitamin A deficiency is known to cause 
alteration in mucin production by the ocular epithelium leading to dry eye conditions.

2.2.2.2 Topical drugs and preservatives

Topical drug components can induce a toxic and inflammatory response from 
the ocular surface. Topical drug (eye drop) formulations with preservatives are the 
most common offenders, such as benzalkonium chloride (BAC). Preservative compo-
nents in the eye drop cause ocular surface epithelial cell damage leading to punctate 
epithelial keratitis, which interferes with the tear film stability and ocular surface 
lubrication (surface wettability). The effects of preservative, especially BAC, in the 
eye drops is a significant cause of dry eye symptoms in glaucoma patients [125]. This 
condition was rescued by using preservative-free eye drops [125]. Using eye drops 
with preservatives on a long-term basis must be avoided. The use of topical anesthesia 
causes ocular surface drying. It reduces lacrimal secretion by lowering the sensory 
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drive to the lacrimal gland [126] and also reduces the blink rate. Chronic use of topical 
anesthetics may cause neurotrophic keratitis-inducing corneal perforation [127, 128].

2.2.2.3 Contact lens wear

Contact lens wear is prominent in the developed world. There were 35 million 
wearers cited in the USA in the year 2000 [129]. Therefore, it is essential to study 
the causes of contact lens-related symptoms and intolerance experienced in the 
wearers. The main reason for contact lens intolerance is dryness and discomfort in 
the eye [130, 131]. Long-term use of contact lens wear may induce corneal epithelial 
changes [132] and the expression of inflammatory surface markers (HLA-DR and 
ICAM-1) [133]. Several studies have indicated its effect on conjunctival goblet cell 
density [134] and mucin expression [133, 135]. Women report dry eye symptoms 
more frequently than men [80]. Dry eye symptoms in contact lens wearers are 
associated with a higher tear osmolarity [80]. Poor lens wettability may also play a 
role in the increased evaporation rate.

2.2.2.4 Ocular surface disease

Reports have indicated that chronic ocular surface disease causes tear film instabil-
ity with dry eye symptoms. Allergic eye disease will provide an excellent example to 
discuss the phenomenon of dry eye [136].

Several forms of allergic conjunctivitis can be listed as follows: (a) seasonal allergic 
conjunctivitis, (b) vernal keratoconjunctivitis, and (c) atopic keratoconjunctivitis. A 
common mechanism that occurs during allergic conjunctivitis is the exposure to anti-
gens inducing the release of inflammatory cytokines via degranulation of IgE-primed 
mast cells. A Th2 response is activated first in the conjunctiva and later in the corneal 
epithelium. During this process, a loss of surface membrane mucins is observed with 
damage to the conjunctival and corneal epithelium [137]. Damage to the ocular surface 
with the release of inflammatory mediators will lead to allergic symptoms and reflex 
stimulation of the lacrimal gland. Inflammatory changes are observed in the case of 
vernal keratoconjunctivitis and atopic keratoconjunctivitis. Corneal surface irregu-
larities (punctate epithelial keratitis) and conjunctival goblet cell defects can lead to 
tear film instability and, eventually, to dry eye symptoms in allergic eye disease. This 
condition may be augmented during meibomian gland dysfunction, intensifying the 
ocular surface drying [138]. In atopic keratoconjunctivitis, lid apposition and tear film 
spreading are interfered with, thus, exacerbating the dry eye.

3. Brief overview of novel diagnostic technologies for dry eye

There are several newer diagnostic techniques for dry eye. There will be a few 
commonly used techniques that will be highlighted in this chapter.

i. Tear osmolarity: tear hyperosmolarity is one of the major hallmarks of dry eye. 
A device named “Tearlab” is commercially available to measure the osmolarity 
of tears. A tear collection strip is designed by the Tearlab so that the capillary 
action can collect along the Tearlab strip. The Tearlab strip can then be inserted 
into the instrument to measure tear osmolarity. This test’s sensitivity was better 
compared to traditional techniques to test dry eye, especially in mild to moderate 
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cases. Nevertheless, it is recommended to test the tear film break-up time in 
severe dry eye cases.

ii. Tear film interferometry: this technique uses infrared light interference patterns 
to yield a tear lipid layer image. More advanced technology is available to measure 
the thickness of the tear lipid layer and the tear film break-up time via inbuilt 
software. It will benefit the patients undergoing tests using fluorescein [139, 140].

iii. Meibography: this technique is used for imaging meibomian glands via transil-
lumination or infrared devices. However, in patients with atrophied meibomian 
glands, a direct clinical identification such as notching in the eyelid will be more 
promiscuous than using meibography [141].

4. Conclusion

This chapter has provided insights into factors associated with dry eye disease. 
They have been distinguished into their primary forms, aqueous deficient and evapo-
rative dry eye. Ocular surface abnormalities and tear hyperosmolarity are both equally 
essential in the mechanism of dry eye. However, water loss is the common etiological 
factor in both forms of dry eye disease. Etiological triggers and causes outlined in 
this chapter form the basis for framing diagnostic and therapeutic approaches. It is 
essential to consider a standardized approach for diagnosing dry eye. A standard 
testing regimen will be good to practice that includes tests for tear film break-up time 
(TBUT), Schirmer test, and corneal staining status with fluorescein. More advanced 
testing can lead to successful treatment strategies.
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Chapter 3

Computer Vision Syndrome
Hossein Aghaei and Parya Abdolalizadeh

Abstract

Using of computers and other video display terminals (VDTs), such as laptops, 
smart phones, tablets, e-readers, and even watches, are part of our everyday life and 
more and more users are experiencing a variety of ocular and non-ocular symptoms 
related to computer use. These complaints include eyestrain, tired eyes, headaches, 
eye irritation, eye redness, itching, blurred vision, double vision, dry eye, and neck, 
back, and shoulder pain as extra-ocular issues, which have been termed computer 
vision syndrome (CVS). Based on pieces of evidence, between 64% and 90% of 
computer users experience visual symptoms. Children are also affected as they spend 
many hours each day using digital devices with visual displays for doing schoolwork, 
especially after starting the COVID-19 era, playing video games, and sending and 
receiving text messages on cell phones. With the increased use of these electronic 
devices, CVS is becoming a major public health issue. Proper identification of symp-
toms and causative factors is necessary for the accurate diagnosis and management. 
There are some strategies for reducing the complaints related to prolonged use of 
digital screen devices.

Keywords: computer vision syndrome, video display terminal, digital eye strain,  
digital device, electronic device, accommodation, vergence, asthenopia,  
ocular surface, dry eye

1. Introduction

The use of computers and other digital electronic devices such as tablets and 
smartphones for both vocational and nonvocational activities including e-mail, 
internet search, and entertainment such as playing games is almost universal in either 
developed or developing societies. Computers have made life easier in terms of unlim-
ited access to information, improved work efficiency, and ease of communication that 
could not have been imagined about a few decades ago.

Despite the improvement in the quality of life, more and more people have become 
susceptible to the worse effects of working at a computer terminal for long time.

At first, using of computer was restricted to desktop computers located in the 
workplace (personal computer, PC). Today’s visual requirements may include viewing 
laptop and tablet computers, electronic book readers, smartphones, and other digital 
devices either in the workplace, at home, or also as a leisure activity in any location 
at any time. Moreover, using of digital devices is not restricted to adults. A study of 
over 2000 American children between 8 and 18 years of age showed that in an average 
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day, they spend approximately 7.5 h using entertainment media, 4.5 h watching TV, 
1.5 h on a computer, and over an hour playing video games [1]. Furthermore, these 
digital devices have now shifted into the pockets of millions of smartphone users [2]. 
Most smartphone owners have been reported to be adults aged from 18 to 34 years. 
However, next studies reported that the majority of teenagers between 14 to 18 years 
in the USA (87%) own smartphones [3].

The American Optometric Association defines CVS as the combination of eye and 
vision problems associated with the use of computers [4]. With apparently increased 
use of computers and its related input devices, this well-known clinical object gains 
significant importance. Asthenopia and symptoms related to dry eye disease are the 
ocular part of the syndrome. There are also musculoskeletal, dermatological, neuro-
logical, and psychological detrimental effects that are experienced in relation to the 
use of different types of digital devices [5].

The complaints associated with the use of computers and other electronic devices 
have not yet been known to cause permanent damage. However, it may result in a 
reduction of work accuracy and quality, which can reduce productivity. The extensive 
use of different types of electronic devices for various reasons desires consideration 
into the extent of the detrimental effect on the population.

2. Definition

The advent of computers changed human life. Today, digital display devices are 
required in houses, offices, and even pockets as smartphones. In 2017, about 95% of 
individuals aged 18–34 used handheld electronic devices such as smartphones and 
tablets [6]. Most of the business-related activities are also computer-based. According 
to the 6th European Working Conditions Survey, more than half of European work-
ers utilize digital devices in their working [7]. The exposure to digital screen devices 
is not restricted to young adults, especially, after COVID-19 pandemic due to the 
implementation of the new public health measures such as social distancing. As the 
elderly people live alone in isolated circumstances during COVID-19 outbreak, these 
devices help them to communicate with others and stay active socially. Similarly, the 
children and students have used distance education or virtual leisure after COVID-19 
pandemic, which led to an increase in all symptoms associated with the abuse of these 
devices [8].

The term computer vision syndrome (CVS), or digital eye strain, is applied collec-
tively to a complex of visual and ocular symptoms in users of digital display devices 
such as computers, tablets, and smartphones. These devices have additive effects in 
the long term. Moreover, any activities that require extra effort for near vision in users 
of digital devices can enhance CVS symptoms [9]. CVS has been recognized for more 
than 20 years [10]. The American Optometric Association states CVS as a collection 
of eye and vision disorders caused by activities that strain near vision and that occur 
in conjunction with or during the use of computers for long hours [4]. The symptoms 
of CVS are classified into internal and external categories: [4, 11] Blurred vision, 
eye strain/fatigue, light/glare sensitivity, delay to change focal point, diplopia, and 
headache are internal symptoms caused by refractive, accommodative, or vergence 
anomalies. External symptoms include burning, itching, and tearing, which are 
rooted from dry eye disease. Some musculoskeletal symptoms, such as pain in the 
shoulders or neck, are also considered as CVS complexes [4, 12].
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The CVS is usually diagnosed subjectively using self-reported questionnaires. 
However, subjective complaints may not be parallel with objective clinical findings, 
which cause over- or under-estimation of this condition [13]. Additionally, imprecise 
definition of CVS and considering various symptoms have led to heterogeneous 
results that have made it difficult to compare this health problem between populations 
with different characteristics. There are some validated questionnaires being devel-
oped to diagnose this syndrome, including the 17-item computer-vision symptom 
scale questionnaire, a six-item visual fatigue scale, and the computer vision syndrome 
questionnaire (CVS-Q ) [14, 15].

3. Epidemiology

The CVS is the most common occupational hazard of the twenty-first century 
with an increasing trend [16]. It is considered a public health crisis that reduces physi-
cal and physiological well-being, employees’ quality of life, occupational efficiencies, 
workplace productivity, and job satisfaction [4, 17, 18]. As little as 2 hours of sus-
tained digital device usage a day is likely to develop a range of vision-related problems 
[9, 13, 18]. Universally, approximately 60 to 70 million individuals suffer from CVS, 
with 1 million new cases annually [19]. Its prevalence varies from 50% to 90% in 
different populations, professionals and age groups depending on demographic, 
environmental, and contextual factors [19–22]. The problem of CVS is extremely high 
in underdeveloped nations because of the inadequate accessibility and utilization 
of personal protective equipment, the high workload, and the restricted break time 
when using a computer [5, 23].

Since 2020, the COVID-19 pandemic has changed the lifestyle of the population 
by forcing them to follow social distancing protocols, which makes individuals more 
dependent on digital devices for their communication, education, daily activities, and 
even entertainment. Based on the strong correlation of overuse of digital devices with 
the prevalence and severity of CVS, it is expected that COVID-19 pandemic plays a 
devastative factor for this public health problem. All age groups are affected including 
children [21, 24], preadolescents [8], adults [25], and elderly [26]. The prevalence of 
CVS even rose to 80% among students due to virtual education during the lockdown 
period [8, 27]. Beside students, women were at higher risk for CVS during pandemic 
because they helped their children in virtual learning platforms [26]. Although the 
prevalence of CVS has shown an increasing pattern during COVID-19 pandemic, 
general population suffers from lack of knowledge about CVS, as well as its protective 
measures [28]. During pandemic, less than 10% of people are familiar with protective 
devices, protective guidelines for digital device use such as 20-20-20 rule, and even 
regular ophthalmological visits for optical correction [28]. Meanwhile, COVID-19 
infection has ocular manifestations such as conjunctivitis whose additive impact on 
CVS remains unknown.

4. Causes and pathophysiology

Different variables have contributed to CVS. Generally, three distinct mechanisms 
have been identified including (1) inappropriate oculomotor responses, (2) ocular 
surface disease, and, (3) poor environmental conditions [29, 30]. These mechanisms 
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can interact with each other. Moreover, there are personal factors such as age, which 
affect CVS through two or three mechanisms.

4.1 Inappropriate oculomotor responses

Two eyes should have efficient vergence and accommodative responses to focus 
on a target. If the brightness of the target is nonuniform, sustained focus needs more 
ocular effort. As the components of digital targets (pixels) are brighter at the center, 
eyes will have repeated struggles to maintain a focus on the digital screens. It makes 
ciliary body fatigue and the accommodative problems associated with CVS [31].

4.1.1 Vergence

Vergence is a binocular coordination to provide a single image of a visual target by 
merging the retinal images of two eyes. Prolonged use of digital screen devices and 
overexertion of the extraocular muscles can alter the ranges of vergence amplitude, 
horizontally, for both convergence and divergence movements [8, 32]. Therefore, the 
prevalence of vergence abnormalities such as convergence insufficiency increases 
among computer users [33]. This non-strabismic binocular dysfunction presents as 
an exodeviation, which causes the CVS symptoms such as asthenopia, inefficient 
performance of near activities, and musculoskeletal discomfort due to abnormal head 
posture [8, 34, 35]. On the other hand, some have proposed that exophoria at near-
distance is a compensatory action for over-convergence during long-term computer 
use [36]. Therefore, the subjects with small amounts of exophoria may have less CVS 
symptoms compared to those subjects who converged accurately on the monitor for a 
long time.

4.1.2 Accommodation

Inappropriate accommodative responses, whether under or over-accommodation, 
result in eyestrain during computer using [37]. More accommodative demand 
leads to more accommodative fatigue. Therefore, the closer eye-screen distance in 
devices such as smartphones induces more accommodative fatigue and eye strain. 
Some subjects with symptomatic CVS also have an increased lag of accommodative 
response. The delay becomes more after extended viewing due to accommodative 
fatigue [29]. On the other hand, transient decrease in accommodative function can 
occur after using digital screen devices, which returns to baseline values by the end 
of the workday or week [33]. In other words, computer use may produce a decline in 
the ability to make dynamic oculomotor changes, possibly due to fatigue. Especially, 
patients with CVS have poor accommodative response that produces blurred vision, 
diplopia, myopia, and delay in the change of focus.

4.1.3 Uncorrected refractive errors

From the perspective of refractive errors, close work can induce transient myo-
pic shifts due to accommodative effort [30, 38, 39]. This transient refractive error 
remains uncorrected during near-working with computer. Therefore, computer 
users with myopic change can complain of asthenopia [39]. Luberto et al. [39] have 
suggested that the temporary myopic shift can be an objective assessment parameter 
for evaluation of CVS fatigue. Beside transient refractive change, having baseline 
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refractive error, particularly myopia, adds to the risk of developing CVS [24, 38, 40]. 
To achieve and maintain clear and single vision of targets on digital screens, the 
retinal image should be focused appropriately. Thus, spherical hyperopia and high 
myopia should be corrected [24, 29, 30]. Astigmatic errors, as low as 0.5 to 1 diopter, 
are also important to increase symptoms of CVS [29]. In presbyopia, an insufficient 
addition in near correction makes the patient to tilt the neck backward (extension) to 
see the screen clearly [41]. This inappropriate posture can increase CVS symptoms. 
Progressive additive lenses, especially occupational types, provide good vision at near 
and intermediate distances for computer workers with presbyopia, which can influ-
ence both ocular symptomatology and the neck posture [42, 43].

4.1.4 Eyeglasses

Those who wear eyeglasses have a higher prevalence of CVS [9, 27, 44]. Incorrect 
prescriptions may cause under-correction of refractive errors, especially in individu-
als with presbyopia who require close proximity to the device to keep the images in 
focus. Indeed, computer screens are formed by pixels instead of solid images, which 
make focusing harder [44].

4.1.5 Contact lens

Wearing contact lenses increases the severity of ocular discomfort in patients 
with CVS [45, 46]. Contact lenses irritate the ocular surface, make unstable tear film, 
and alter the blink rate. Therefore, contact lens comfort of computer users is highly 
dependent on lubrication of the eye. Moreover, lens type is a key factor in the devel-
opment of these symptoms. Silicone hydrogel lenses are more preferred than conven-
tional hydrogel lenses by computer users [47]. Residual refractive errors, especially 
astigmatism, may also contribute to CVS among contact lens users. It is a routine 
practice pattern that spherical contact lenses are prescribed for subjects with astigma-
tism <1.0 D. Therefore, increased CVS symptoms occur, not as a result of the contact 
lens inducing dry eye, but rather as a result of the uncorrected refractive error.

4.2 Ocular surface disease

Decompensation and desiccation of ocular surfaces are common in computer 
users, which are related to corneal dryness, reduced blink rate, and increased corneal 
exposure.

4.2.1 Ocular and systemic disease

The likelihood of CVS is higher among computer users with a previous ocular 
disease either chronic or acute with long-term side effects [5, 9]. Underlying dry 
eye is the most important ocular disease in developing CVS among computer users. 
Any several systemic disease or medications contributing to ocular drying can also 
enhance CVS.

4.2.2 Blink rate and pattern

Normal blinking rate is 22 blinks per minute while relaxed. Using a computer 
over a long period alters the pattern and rate of blinking [48]. The blink rate is 
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significantly decreased during using digital screen devices. It decreased to 10 and 
7 blinks per minute during reading a book and computer texts, respectively [48]. 
This reduction is more as font size and contrast decrease or the cognitive demand 
of the task increases [49]. Additionally, the downward movement of upper eyelid 
is not complete during computer use. Therefore, the upper eyelid does not touch 
lower eyelid and does not cover exposed cornea, which causes an incomplete 
blinking pattern. Infrequent and incomplete blinking contributes to a poor tear 
film quality, insufficient wetting of the ocular surface, and temporary stresses the 
cornea, resulting in symptoms of dry eye.

4.2.3 Line of sight (angle of gaze)

People usually have small angle of gaze and look downwards when they read texts 
on the paper. In small angle of gaze, the upper eyelid covers a substantial portion 
of the cornea, thus preventing tear evaporation and ocular discomfort symptoms 
[48, 50]. On the contrary, computer users usually view the digital screens in a hori-
zontal gaze with a wider palpebral fissure. More corneal exposure accelerates tear film 
instability and CVS. Angle of gaze can also alter the accommodative and vergence 
response, and therefore the level of CVS symptoms [51].

4.3 Poor environmental conditions

Poor ergonomic conditions and worse posture in front of digital screen devices 
can cause musculoskeletal symptoms. Poor lighting, imbalance of light between the 
computer screen and working room, and poor contrast can exacerbate CVS severity 
[52, 53].

4.3.1 Lighting condition

The appropriate lighting levels vary according to the tasks. Writing and reading 
need higher lightening levels because they are tasks with greater visual demands 
[54, 55]. Improper environmental lighting levels, whether low or high intensities, 
adversely affect ocular comfort during using computers [29, 30, 41, 56]. The weak 
lighting condition can cause the eyes to tire gradually [29, 41, 56]. In dark environ-
ment, blink rate is decreased that accelerates desiccation of cornea. On the other 
hand, bright light sources (overhead fluorescent, large windows, and desk lamps) 
appear to significantly reduce the accommodation amplitude, wash out screen char-
acter images, and create reflection and glare [29, 56, 57]. Nowadays, the brightness 
of digital screens can be adjusted according to environmental lightning levels, which 
provides better performance for users.

4.3.2 Workplace air conditions

The office air conditioning can influence ocular surface of computer users. A low 
ambient humidity, a high temperature, and ventilation fans increase the evaporation 
of tear film, which accelerates ocular dryness [58]. The humidity of 45% has been 
recommended as a lower limit for workplaces [59]. Air pollution, such as airborne 
paper dust, laser and photocopy toner, and building contaminants, can also affect the 
comfort of computer users in office, negatively [58, 60].
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4.3.3 Seating position

The inappropriate seating position of computer users is associated with CVS 
[9, 41]. Unfortunately, the ergonomic practices are not usually applied by most of 
the computer users [40]. The incorrect posture causes ocular discomfort, glare, and 
muscular spasm. Moreover, short eye-digital screen distance exposes users to more 
electromagnetic radiation emitting from the computer. On the other hand, the 
visual demands due to poor ocular accommodation and/or under-corrected refrac-
tive errors can also result in inappropriate posture leading to musculoskeletal dif-
ficulties. Oculomotor fatigue may change the innervation to the postural muscles 
in the neck, shoulder, and upper back, resulting in discomfort in these areas.

4.3.4 Distance

Each type of digital screen device has its own recommended viewing distance. 
Eye-screen distance is 50–70 cm for computers and 20–30 cm for mobile phones and 
tablets with smaller screens [48, 61]. Maintaining a proper viewing distance from 
digital screens decreases the symptoms of CVS [20, 40]. Closer eyes to digital screens 
require more accommodative effort and ocular muscle stress [5, 20]. In addition, more 
ocular surface decompensation and exacerbation of dry eye occur in proximity of eyes 
to digital screens [62].

4.3.5 Time

The symptoms of CVS appear to increase as the duration of exposure increases 
[5, 8, 9, 20, 21, 24, 44]. This may be because a computer generates electromagnetic 
radiation or high-energy blue light, which stresses the ciliary muscle in the eye, 
resulting in eye strain after continued exposure to the computer screen. Beside the 
amount of daily hours, the years of computer use also affect CVS development [5]. 
The CVS appears to have a cumulative nature rather than to be an acute condition. 
Therefore, long years of using a device equal more accumulated stress on the eyes, 
which might intensify the risk of developing CVS.

4.3.6 Rest break

Taking rest break is a protective factor for CVS [44, 63]. Dividing the work hours 
by short rest times during continuous computer work results in relaxing intraocular 
muscles, which can then decrease eye strain and headache [18]. Additionally, tear film 
is refreshed during rest break.

4.3.7 Personal factors

4.3.7.1 Sex

Females display a significantly greater number of CVS symptoms [5, 11, 40–42]. 
This association with sex could be related to dry eye [64]. Nevertheless, some symp-
toms may be more frequent in males such as burning sensation, dry eyes, red eyes, 
and blurred vision [44].
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4.3.7.2 Aging

By aging, the quality of retinal image has been decreasing due to the decrease 
of lens transparency, which increases the ocular aberrations and light scatter-
ing. Additionally, presbyopia is an important factor associated with asthenopia. 
Presbyopic digital device users experience more accommodative stress during focus-
ing at near distance [10]. The prevalence of dry eye and ocular surface disease, as 
contributor factors of dry eye, are also higher among older people. However, some 
protective mechanisms, such as senile miosis counteract with this process, improve 
the depth of focus and reduce accommodative strain in elderly.

4.3.7.3 Socioeconomic level

Occupational factors such as monthly income, employment status, and job stress 
or exhaustion affect the prevalence of CVS [65, 66]. High-paid workers are able to 
afford the protective facilities such as antiglare devices, eyeglasses as well as ocular 
medications and lubricants. These subjects may also have better workplace condi-
tions and good awareness on computer ergonomics [65]. In general, there is a reverse 
relationship between knowledge on safety measures of computer use and the severity 
of CVS among computer workers [65].

4.3.7.4 Multiple digital device usage

The use of digital screen devices outside work is an important factor of CVS 
[20, 24]. Some possible reasons may be smaller screens of smartphones and tablets, 
closer eye-screen distance, and longer exposure times, which aggravate the risk of 
experiencing CVS.

5. Ocular signs and symptoms of CVS

The most common ocular and non-ocular complaints associated with CVS or 
digital eyestrain are:

• Eyestrain

• Eye fatigue

• Ocular pain

• Blurred vision

• Double vision

• Dry eyes

• Stinging

• Itching

• Red eyes
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• Headache

• Neck and shoulder pain

We can put these complaints in four categories (Table 1).
In most occasions, symptoms of CVS occur because the visual demands of the task 

are more than the visual abilities of the individual to comfortably perform them. In 
a review of asthenopia, Sheedy et al. detected that symptoms commonly associated 
with this syndrome incorporated eyestrain, eye fatigue, discomfort, burning, irrita-
tion, pain, ache, sore eyes, diplopia, photophobia, blur, itching, tearing, dryness, 
and foreign body sensation. While investigating the effect of several symptom-
inducing conditions on asthenopia, the authors determined that two vast categories 
of symptoms existed. The first group, termed external symptoms, included burning, 
irritation, ocular dryness, and tearing and was related to dry eye. The second group, 
termed internal symptoms, included eyestrain, headache, eye ache, diplopia, and 
blur and is generally caused by refractive, accommodative, or vergence anomalies. 
Consequently, the authors proposed that the underlying problem could be detected 
by the location and/or description of symptoms [67].

There are some investigations that compared visual problems in using digital devices 
and hard copy, and it is very interesting that even when using a modern flat panel moni-
tor; subjects reported significantly greater blur during the computer task (increasing 
the demands placed upon ocular accommodation and vergence), when compared with 
a hard-copy printout of the same material and environmental conditions [68, 69]. Many 
of the visual symptoms experienced by users are only transient and will decline after 
stopping computer work or use of the digital device and in rare occasions it persists.

CVS, or digital eyestrain, can be diagnosed through a comprehensive eye exami-
nation. We should pay attention to patient history, visual acuity measurements, 
refraction, accommodation, and binocular vision status. Prolonged VDTs usage has 
been shown to cause reduced power of accommodation, removal of the near point of 
convergence, and deviation of phoria for near vision [70].

Symptom category Symptoms Possible causes

Asthenopic Eye strain
Tired eyes
Sore eyes

Binocular vision
Accommodation

Ocular surface related Dry eyes
Watery eyes
Irritated eyes
Contact lens problems

Infrequent blinking

Visual Blurred vision
Slowness of focus change
Double vision
Presbyopia
Transient blindness

Refractive error
Accommodation
Binocular vision
Presbyopic correction
Bleaching of photopigment, with the viewing eye 
becoming light-adapted

Extraocular Neck pain
Back pain
Shoulder pain

Computer screen location

Table 1. 
Major categories of symptoms in computer vision syndrome.
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6. Treatment

Certainly, the management of CVS requires a multidirectional approach because 
of the variety of complaints between users. When treating a patient, it is essential 
to consider both ocular therapies, as well as adjustment of the user’s workstation, 
environment, and habits in an ergo-ophthalmologic approach.

Potential therapeutic interventions for patients with symptoms of CVS can be 
divided into three main parts namely:

1. Refractive and accommodative disorders.

2. Vergence anomalies.

3. Ocular surface problems.

In examining patients with CVS, the following clinical parameters should be 
evaluated [with all near testing being performed at the distance(s) at which the 
electronic screen(s) are positioned]:

1. Best corrected visual acuity.

2. Refractive error (including binocular balancing)

3. Accommodative error (lag) at the appropriate working distance.

4. Monocular and binocular amplitude of accommodation.

5. Monocular and binocular accommodative facility.

6. Negative and positive relative accommodation.

When examining patients with CVS, the following clinical vergence parameters 
should be measured [with all near testing being performed at the distance(s) at which 
the electronic screen(s) are positioned]:

1. Near point of convergence.

2. Near heterophoria.

3. Horizontal and vertical fixation disparity and/or associated phoria.

4. Vergence facility.

5. Vergence ranges (negative and positive relative vergence)

6. Stereopsis.

7. AC/A and CA/C ratios.
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Computer use has been associated with both a reduced rate of blinking and a high 
number of incomplete blinks when compared with viewing hard-copy materials. Dry 
eye therapies, which have been proposed to minimize symptoms of CVS, include the 
use of lubricating drops, ointments, and topical medications for blepharitis or allergic 
conditions. Additionally, blink training to increase the blink rate during computer use 
[71], as well as changes in ambient humidity (around 45%), hydration (drinking more 
water) and redirection of heating and air conditioning vents have all been proposed.

Some important points in preventing or reducing the complaints of CVS have to do 
with the computer and how it is used. This includes lighting conditions, chair comfort, 
location of reference materials, the position of the monitor, and the use of rest breaks. 
American optometric association has given some recommendations for proper body 
position during using computer, which emphasize on proper height of the chair, table, 
and monitor for straight position of the neck and back, as well as 90-degree angle of 
elbow. Moreover, a support for the feet can prevent hanging of the legs (Figure 1) [72].

Figure 1. 
Proper body positioning for computer use. Yamavu, CC0, via Wikimedia commons.
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6.1 Location of the computer screen

Most people find it more comfortable to view a computer when their eyes are look-
ing downward. Ideally, the computer screen should be 15 to 20 degrees below eye level 
(about 4 or 5 inches) as measured from the center of the screen and 20 to 28 inches 
from the eyes. This position reduces the width of palpebral fissure and consequently 
decreases the evaporation of tear.

6.2 Reference materials

These materials should be located above the keyboard and below the monitor. If 
this is not possible, a document holder can be used beside the monitor. The aim is to 
position the documents, so the head does not need to be repositioned from the docu-
ment to the screen.

6.3 Lighting

Position the computer screen to avoid glare, particularly from overhead lighting or 
windows. Use blinds or drapes on windows and replace the light bulbs in desk lamps 
with bulbs of lower wattage.

6.4 Anti-glare screens

If there is no way to minimize glare from light sources, consider using a screen 
glare filter. These filters lessened the amount of light reflected from the screen.

6.5 Seating position

Chairs should be comfortably padded and conform to the body. Chair height 
should be adjusted so the feet rest flat on the floor. Arms should be adjusted to provide 
support, while typing and wrists should not rest on the keyboard when typing.

6.6 Rest breaks

To prevent eyestrain, try to rest eyes when using the computer for extended period 
of time. Resting the eyes for 15 minutes after 2 hours of continuous computer use. 
Also, for every 20 minutes of computer viewing, look into the distance 20 feet away 
for 20 seconds to allow the eyes a chance to refocus (20:20:20 rule).

6.7 Blinking

To minimize the chances of developing dry eye when using a computer, try to 
blink frequently and completely. Surface of the eye is moistened by regular and effec-
tive blinking.

7. Prevention

In providing an appropriate form of spectacle correction, practitioners must con-
sider both the viewing distance and gaze angle (both horizontal and vertical). A mild 
glasses prescription may be needed to reduce vision stress on the job. It has a good 
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idea for computer users to get a complete eye exam every year. If glasses are worn 
for distant vision, reading or both, they may not provide the most efficient vision 
for viewing a computer screen, which is about 20 to 30 inches from the eyes. Tell the 
doctor about job tasks and measure on-the-job sight distances. Accurate information 
will help get the best vision improvement. Patients may benefit from one of the new 
lens designs made, specifically for computer work.

Blue light from LED and fluorescent lighting, as well as monitors, tablets, and 
mobile devices, can negatively affect vision over the long term. Special lens tints 
and coatings can diminish the harmful effect of blue light. Minimize glare on the 
computer screen by using a glare reduction filter, repositioning the screen, or using 
drapes, shades, or blinds. Also, keeping screens clean, dirt-free and removing finger-
prints can decrease glare and improve clarity.

7.1 Adjust work area and computer for comfort

In terms of viewing distance, the United States Occupational Safety and Health 
Administration state that the preferred viewing distance for a desktop monitor is 
between 50 and 100 cm (representing an accommodative stimulus in a corrected 
individual of between 1 and 2D). Additionally, they recommend that the center of the 
computer monitor should normally be located 15–20° below the horizontal eye level, 
and the entire visual area of the display screen should be located so the downward 
viewing angle is never >60° [73]. When using computers, most people prefer a work 
surface height of about 26 inches. Desks and tables are usually 29 inches high.

7.2 Use an adjustable copyholder

Place reference material at the same distance from eyes as the computer screen and 
as near to the screen as possible. That way the eyes will not have to change focus when 
looking from one to the other.

7.3 Take alternative task breaks throughout the day

Make phone calls or photocopies. Consult with coworkers. After working on the 
computer for an extended period, do anything in which the eyes do not have to focus 
on something up close.

7.4 Limit screen time for using electronic devices in children

Recommended amount of screen time for children (the Canadian Pediatric Society 
and the American Academy of Pediatrics):

• Infants and Toddlers (0–2 years): None, with the possible exception of live chat-
ting, for example,. with grandparents.

• Preschool children (2–5 years): No more than 1 hour per day of age-appropriate.

• School-age children (5–18 years): Ideally, no more than 2 hours per day of recre-
ational screen.

Using of special apps. Such as Microsoft’s “Night light,” Apple’s “Night shift,” and 
Samsung-blue Light Filter.
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Adequate work environments. Appropriate room temperature (20–22°C), ambi-
ent humidity (around 45%), and no direct horizontal or upper air from ventilation 
fans.

Regular breaks during digital display. Take a break from the screen every 
30–60 minutes is mandatory. The use of screens should be avoided 1 hour before 
bedtime.

Encourage outdoor activity over screen time.

8. Conclusion

Although the use of computer and other electronic devices are an inevitable part 
of modern life, every user should have sufficient knowledge about causes, preven-
tion, and treatment of the visual and nonvisual side effects of long-term use of these 
devices. Otherwise, we have to wait for a big epidemic of visual problems, especially 
in children and young people, in the not-so-distant future.
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Chapter 4

Dry Eye and Allergic Conjunctivitis
Rachel Dandar and John Sheppard

Abstract

The primary goal of this chapter is to discuss the nuanced but prevalent clinical 
presentation of the patient with concurrent diagnoses of dry eye and allergic conjunc-
tivitis. First, we discuss the epidemiology of dry eye disease and allergic conjunctivi-
tis. We briefly discuss allergic blepharoconjunctivitis, a closely related entity with a 
different treatment focus. We thereafter discuss novel therapies, including lotepre-
dnol, varenicline nasal spray, reproxalap, and drug-eluting daily disposable soft 
contact lens. Lastly, we discuss a few biologic agents that hold promise for vernal and 
atopic keratoconjunctivitis, two forms of allergic eye disease that are more aggressive 
and can result in severe vision loss.

Keywords: tear film instability, ocular toxicity, allergic conjunctivitis, dry eye, allergic 
blepharoconjunctivitis

1. Introduction

Dry eye disease is a ubiquitous and often chronic condition, encountered 
frequently in ophthalmic practice. In 2017, more than 16 million Americans were 
afflicted by dry eye, approximately 6.8% of Americans [1]. Twice as common in 
women as in men, dry eye has also been demonstrated to increase in frequency with 
advancing age. With an aging population, the prevalence of dry eye will only increase. 
Typical symptoms of dry eye often include eye pain, grittiness, photophobia and 
blurred vision. The definition of dry eye disease was recently refined by the Tear Film 
& Ocular Surface Society International Dry Eye Workshop II (TFOS DEWS II) 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 tear film instability 
and hyperosmolarity, ocular surface inflammation and damage, and neurosensory 
abnormalities play etiological roles” [2]. It should come as no surprise that additional 
ocular pathology, including meibomian gland dysfunction, allergic eye disease and 
iatrogenic factors, such as cataract surgery, can exacerbate dry eye by disrupting 
homeostasis of the tear film.

A variety of inflammatory ocular surface conditions can result in increased tear 
film osmolality and disruption of tear film homeostasis. Allergic conjunctivitis is clas-
sically associated with IgE-hypersensitivity to allergens. Within this cascade involves 
activation of mast cells, which results in an early response and a late phase response. 
The early response is associated with elevated levels of prostaglandins and histamine 
within the tear film [3]. The late response involves upregulation of interleukin-8 
(IL-8) and macrophage inflammatory protein (MIP) [3]. Frequently, this presents 
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clinically as tear film instability with inflamed conjunctival mucosa. In this chapter, 
we will focus on allergic eye disease as a concomitant diagnosis complicating the 
management of dry eye, in addition to highlighting novel treatments that are promis-
ing for the management of both conditions.

Allergy is a widespread condition, but ocular manifestations of allergic disease 
may be under-recognized within our current population. The first attempt at provid-
ing epidemiology on the incidence of specifically allergic eye disease was through 
data obtained between 1988 and 1994 [4]. While allergic rhinitis had previously been 
evaluated on prior censuses, allergic ocular symptoms had been overlooked. In this 
first evaluation, almost 30% of people had both nasal and ocular symptoms, with far 
fewer reporting ocular symptoms alone (6.4%). This study also revealed that isolated 
ocular symptoms are more common in patients as they age, typically over 50 years 
old, compared to combined nasal and ocular symptoms in younger age groups [4]. 
This should come as no surprise as it has already been thoroughly documented 
that the prevalence of atopy decreases with age whereas the prevalence of dry eye 
increases with age.

Like many diseases, allergic eye disease exists on a spectrum, with milder forms 
of allergy including seasonal allergic conjunctivitis (SAC) and perennial allergic 
conjunctivitis (PAC), ranging to the more severe atopic (AKC) or vernal keratocon-
junctivitis (VKC). Whereas SAC and PAC classically impact the conjunctiva, VKC 
more frequently impacts the cornea and can severely reduce visual acuity through 
shield ulcers, vernal plaques and neovascularized scars [5]. As such, the treatments 
for allergic eye disease can vary widely in intensity depending on the severity of the 
presentation. VKC is more common among patients with concomitant atopic disease; 
as such, the more severe forms of ocular allergy are more likely to affect younger 
patients. Particularly for younger patients who may still be within the amblyogenic 
age range, aggressive management is indicated to combat corneal manifestations of 
VKC, in some cases requiring systemic therapies. For SAC and PAC, management 
is more often through topical therapies, but can become difficult when faced with 
coexistent dry eye.

In most studies related to ocular allergens, the predominant focus is most often 
on SAC and PAC as these are conditions more prevalent in older age groups, and thus 
within the work force. There are several well-documented allergens that are more 
likely to present with ocular symptoms as opposed to nasal symptoms: pet dander, 
dust, pollen, mold, and certain cosmetics. An additional interesting feature of this 
study was that the allergic disease was more prevalent in the southern United States, 
presumably secondary to higher humidity and relatively more pollen production [6]. 
With ongoing climate change and global warming, pollen production will continue 
to increase, suggesting that the prevalence of ocular allergy will only increase with 
time. Another consideration regarding ocular allergy prevalence includes the impact 
on vision, quality of life and economic productivity. While only 3% of adults have 
symptoms severe enough to prevent working outside of the home, the AIRS Survey 
revealed that the average self-reported decrease in productivity from allergic eye dis-
ease was 26 points, falling from a self-reported productivity of 91/100 with no allergic 
symptoms to 65/100 with the worst allergic symptoms [7]. As such, there is a need for 
effective therapies to mitigate the symptoms of allergic eye disease, to improve quality 
of life for those suffering from allergies and to enable these patients to continue to 
engage fully in their professions, instead of being limited by their symptoms.

Classic symptoms of allergic eye disease often overlap with those of dry eye, 
including redness, itching/pruritis, grittiness, burning, epiphora/tearing and blurred 
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vision. However, allergic eye disease complicates the management of dry eye, as 
some treatments for stand-alone dry eye may not be as effective or as tolerable for 
the patient with concomitant allergic disease. Artificial tears may be considered as an 
initial therapy for patients with either dry eye or allergic conjunctivitis, but further 
treatment choices may become more difficult. It is not uncommon for muscarinic 
topical anti-histamines to dry the ocular surface, while topical therapies for dry eye 
and meibomitis frequently create hypersensitivity or irritative effects on the allergic 
ocular surface. Similarly, punctal plugs obviously would be a less desirable choice in a 
patient with allergic conjunctivitis, as this would result in prolonged exposure of the 
allergen to the ocular surface. Mast-cell stabilizers may be of utility in these patients, 
but can take days to weeks to reach peak efficacy, and as such, will not provide 
patients with immediate relief. As such, there is a need for more nuanced medications 
that can adequately address both allergic conjunctivitis and dry eye.

2. Allergic contact blepharoconjunctivitis

First, we will briefly discuss allergic contact blepharoconjunctivitis, a disease 
similar to SAC and PAC, but with slightly different management. The most common 
cause of an allergic contact blepharoconjunctivitis is the use of cosmetics. The incit-
ing agent in these cases can include a variety of metal allergies, such as nickel, cobalt 
and chrome, as well as allergies to the fragrances added to these cosmetics [8]. While 
the solution for blepharoconjunctivitis in the setting of cosmetic use may be simple, 
allergen avoidance, it can often be difficult to pinpoint a cosmetic as the underlying 
cause of symptoms. Often, the history may be challenging. Women, who are twice 
as likely as men to experience symptoms of dry eye, are more likely to wear cosmet-
ics, specifically mascara, on a daily basis. As such, their constellations of symptoms 
could easily be confused with an environmental allergen (akin to dust or dander). 
Furthermore, this allergic blepharoconjunctivitis may be exacerbated by the mechan-
ical impact of cosmetic products. For example, application of mascara or eyeliner may 
obstruct meibomian gland orifices, which can lead to further team film instability and 
aggravation of dry eye and allergic symptoms [8]. As previously mentioned, dry eye 
is twice as common in women as in men, so providers must be aware of the impact of 
cosmetic use. For patients in whom allergen avoidance is less practical, such as those 
suffering from pollen allergies, there are a variety of novel therapies being released to 
attempt to better control the nuanced symptoms of concomitant dry eye and allergic 
eye disease.

3. Novel treatments for seasonal and perennial allergic conjunctivitis

One of the first efforts to address the inflammatory component of dry eye was the 
application of topical steroid therapy. In late 2020, KPI-121 0.25% (EYSUVIS, Kala 
Pharmaceuticals, Inc.) became the first commercially available mucus-penetrating 
particle (MPP) formulation of loteprednol etabonate ophthalmic emulsion approved 
for episodic dry eye. Investigated through the STRIDE trials, loteprednol etabonate 
was approved for four times daily (QID) use up to 2 weeks at a time [9, 10]. The 
mucus-penetrating particle vehicle enables the medication to avoid entrapment by 
conjunctival mucins and achieve better ocular penetration [9, 10]. For patients with 
a component of allergic disease, a low-dose topical steroid may be of particular use, 
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as an intermittent topical steroid therapy may address underlying inflammation 
present in both dry eye and allergic disease. There are however some patients for 
whom a topical steroid may not be the best treatment option. For example, while 
there were no differences in intraocular pressure between the two STRIDE trial arms, 
loteprednol still has a higher rate of elevated intraocular pressure (IOP) than other 
topical medications such as olopatadine. As such, practitioners may still be hesitant to 
prescribe loteprednol for the patient with glaucoma, who may have a higher proclivity 
of IOP elevations [10]. Furthermore, as the medication is approved for only 2 weeks 
at a time, loteprednol would not be the best first choice for a patient with perennial 
symptoms.

Another medication that may be of particular interest for patients with both 
dry eye and allergy is Tyrvaya™ (varenicline solution) Nasal Spray. This novel dry 
eye treatment, initially approved in late 2021, enables a patient to avoid eye drops 
entirely. For some patients with either dry eye and/or allergic disease, application 
site reaction (i.e. burning pain on instillation of drops) may prohibit use of topical 
therapy. Tyrvaya™ could be considered in such patients, as the nasal spray cir-
cumvents this specific problem. Investigated by Ocean Point through the MYSTIC 
phase II randomized trial and the ONSET-2 Phase III Randomized Trial, Tyrvaya™ 
has repeatedly been shown to significantly improve signs and symptoms of dry 
eye [11, 12]. The primary endpoint in these studies was improvement in Schirmer’s 
test by 10 mm or more by 4 out of 12 weeks of therapy; however, tear production 
was shown to increase as quickly as 5 minutes after administration [11]. While the 
exact mechanism of action is not completely understood, Tyrvaya™ is thought to be 
a neuro-stimulating agent, activating the parasympathetic pathway of the naso-
ciliary branch of the trigeminal nerve in the nose, thereby increasing baseline tear 
production. Varenicline, the active ingredient in Tryvaya™, has previously been 
used as a smoking cessation aid. There is longstanding safety data for this medica-
tion, considering Chantix is used systemically in much higher doses with excellent 
tolerance. The side effect profile of Tyrvaya™ is relatively benign. The most com-
mon adverse reaction is sneezing, which occurs in 82% of patients. Cough, throat 
irritation and instillation-site (i.e. nose) irritation are among other common adverse 
reactions [11, 12].

While the use of Tryvaya™ in the setting of stand-alone allergic eye disease has 
not yet been investigated, for patients that suffer from both allergic eye disease and 
dry eye, Tryvaya™ may be of utility. Patients with a diagnosis of allergic rhinitis often 
use other medications administered via nasal spray to control their nasal symptoms, 
such as fluticasone, or FLONASE. For these patients, a nasal route of administration 
may be more-readily accepted, as they are familiar with/accustomed to this route of 
therapy. Given twice daily in each nostril, Tyrvaya™ can not only reduce topical treat-
ment burden for patients, but is also an excellent option for patients who have dif-
ficulty with drops. Tyrvaya™ has advantages for patients with reduced neck mobility 
or reduced upper limb mobility, tremors, digital arthritis, patients who live alone and 
those who struggle self-administering eye drops. Another patient population that may 
benefit from Tyrvaya™ includes be the complex glaucoma patient who has developed 
allergic disease and toxicity in the form of medicamentosa. Of note, Tyrvaya™ has 
not been tested on patients with obstructive sleep apnea (OSA) who use continu-
ous positive airway pressure (CPAP), with prior sinus surgeries, with a history of 
PKP, or those with recurrent nosebleeds [11]. As such, conclusions are unable to be 
drawn about its effectiveness in these specific demographics. Nevertheless, a single 
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pharmaceutical with both a new delivery route and a novel mechanism of action holds 
great potential for patients afflicted by dry eye and allergic eye disease.

Another novel therapeutic, Reproxalap, is currently being investigated and 
developed by Aldyera to address both allergic conjunctivitis and dry eye disease. 
This topical medication is a novel, small-molecule immune-modulating covalent 
inhibitor of reactive aldehyde species (RASP) [13, 14]. While the exact mechanism 
of action of Reproxalap is not completely understood at this time, it is hypothesized 
to address the inflammatory component of both dry eye and allergic disease. RASP 
potentiate inflammation through a variety of inflammatory mediators and path-
ways, and as such, inhibition of RASP may inhibit the propagation of the inflamma-
tory cascades.

Reproxalap was first evaluated in the treatment of dry eye alone in the Phase 
III TRANQUILITY trial. Participants were randomized to 0.1% reproxalap, 0.25% 
reproxalap and placebo groups. They were then exposed to a controlled adverse envi-
ronment, consisting of low humidity for 90 minutes, after a 12-week course of QID 
treatment. Symptomatic relief was appreciated as early as 2 weeks into the treatment 
course, at the first follow up visit [13]. Patients experienced symptomatic improve-
ment in a dose dependent response, particularly in relation to symptoms of grittiness 
and dryness [13]. Researchers also appreciated improvements in nasal fluorescein 
staining in the 0.25% group, so 0.25% Reproxalap QID was advanced to additional 
clinical trials. For patients with allergic conjunctivitis, Reproxalap was evaluated in 
a randomized, double-blind Phase IIb Trial and in the Phase III ALLEVIATE Trial 
[14, 15]. In each of these studies, participants were randomized to various treatment 
groups, including 0.25% Reproxalap, 0.5% Reproxalap and placebo. For both doses, 
participants who had been administered Reproxalap noted improvement in symp-
toms, notably tearing, itching and redness [14, 15]. However, participants taking the 
higher dose, 0.5% Reproxalap, experienced a higher rate of instillation site reaction, 
with higher rates of redness and irritation after the first dose, so the 0.25% regimen is 
being advanced [14]. Reproxalap is a promising medication for those suffering from 
both dry eye and allergic conjunctivitis.

Another novel therapeutic strategy currently under development are contact 
lenses impregnated and eluting a variety of different pharmaceutical agents. For 
patients who wear soft contact lenses, the current options for treatment of allergic 
conjunctivitis are limited. Topical drugs currently available, including ketotifen and 
olopatadine, are not recommended for use while soft contact lenses are in place due 
to the preservative benzalkonium chloride (BAK). For many patients, this translates 
to spectacle use during high allergy seasons in order to be able to instill anti-allergy 
drops and achieve symptomatic relief. There have been a variety of clinical trials in 
the past several years directed towards creation of drug-eluting daily disposable soft 
contact lens (DDSCL) [16]. The first DDSCL, Acuvue® Theravision™ with Ketotifen 
(ATK) (Johnson & Johnson Vision Care, Inc., Jacksonville, Florida, USA), was 
approved by the FDA in April of 2022. Prior to approval, multiple case studies were 
performed demonstrating subjective and objective improvement with use of ATK 
during high allergy seasons, with symptomatic relief of itch, and improvement in 
clinical features, including episcleral, ciliary and scleral injection, as well as extent of 
papillary reaction [17, 18]. It is thought that the ketotifen within the DDSCL is gradu-
ally released into lacrimal fluid below CL, to maintain therapeutic levels for longer, 
in contrast to topical drops, which have a more temporary effect as they are washed 
from the tear film.
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A further consideration of a DDSCL as a therapeutic strategy is that a contact lens 
serves as a physical barrier, much like a bandage contact lens (BCL), in addition to 
the potential for a slow, sustained release of medication. As such, a DDSCL may be a 
parsimonious solution for a patient with both dry eye and ocular allergy. One current 
limitation of this specific therapy is that the toric options for DDSCL are currently 
limited to astigmatic errors of less than 1 diopter [16]. There have been additional 
studies regarding the creation of DDSCL with olopatadine and DDSCL with epinas-
tine hydrochloride, but these have not yet entered human trials [19, 20]. Nonetheless, 
FDA approval of ATK as the first DDSCL is promising for the ophthalmic community, 
as ATK may enable patients to achieve better symptomatic control during high-
allergy seasons, and DDSCL technology may expand to other ophthalmic conditions 
and enable patients to achieve better compliance with and tolerance of mediation 
regimens.

4. Novel treatments for atopic and vernal keratoconjunctivitis

Thus far we have focused primarily on novel therapies with a target audience 
of primarily patients who suffer from SAC and PAC. For patients afflicted by VKC, 
there have also been promising novel therapeutics developed over the last several 
years. While milder cases of VKC may be managed through topical and systemic 
anti-histamines, topical mast cell inhibitors, and tacrolimus ointment (0.03–0.1%), 
topical steroid dependence in these children is common and can result in a series of 
untoward side effects, including ocular hypertension, steroid-induced glaucoma and 
cataract. For children who are dependent on topical steroids, topical cyclosporine A 
(CsA, 0.5–2%) has been of great utility in partial or total reduction of topical steroid 
therapy. Unfortunately, topical CsA is ineffective for approximately 1/3 of children, 
and another 1/6 of children are still dependent on topical steroids despite topical 
CsA [21]. Omalizumab, a monoclonal, chimeric anti-IgE antibody has been used for 
allergic asthma since 1999 [22] and has recently garnered interest in the treatment 
of VKC. The underlying pathophysiology for the atopic triad, asthma, eczema and 
allergy, overlaps, with both IgE mediated and cell-mediated pathways provoking 
symptoms of the triad.

For patients with AKC and VKC, omalizumab has been used with some success. 
Delivered via subcutaneous injection, the dose and frequency of omalizumab therapy 
varied nearly fourfold among children, which may in part be related to the severity 
of the presentation and the extent of inflammatory levels in these patients [23]. Not 
all children had symptomatic improvement of ocular symptoms with omalizumab, 
which should come as no surprise, given approximately 50% of patients who suffer 
from VKC and/or AKC do not have an IgE-dependent immune response [24, 25]. For 
those children who experienced a response to omalizumab, often their symptoms of 
asthma and eczema improved as well [23].

Another consideration is that for some children, omalizumab alone was adequate 
to control symptoms, whereas for others, omalizumab alone did not adequately 
control symptoms. As such, there is a need for additional therapeutic targets for those 
with VKC and/or AKC arising through different mediators. Furthermore, omali-
zumab is not approved for the treatment of ocular allergy alone. Patients with severe 
symptoms would be best treated through multispecialty collaboration, with input 
from such specialties as Allergy, Immunology, Rheumatology, and/or Pulmonology 
for the prescription, dosing and management of these medications, as well as 
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monitoring of the concomitant diseases. As such, omalizumab is a promising therapy 
for patients with severe VKC, and may help some, but not all, reduce their treatment 
burden.

For patients with AKC or VKC who have an incomplete or no response to omali-
zumab, another promising therapeutic target interleukin-5 (IL-5). IL-5 is a powerful, 
proinflammatory cytokine within the cell-mediated pathway of inflammation, affect-
ing primarily eosinophils. Mepolizumab and reslizumab are humanized monoclonal 
antibodies that bind directly to IL-5, while benralizumab is anti-eosinophil monoclo-
nal antibody that binds to the alpha subunit of the IL-5 receptor [26, 27]. Although 
none of these drugs have been studied in regards to allergic conjunctivitis, initial 
reports the treatment of patients with allergic and eosinophilic predominant asthma 
have been promising [28]. Given the common inflammatory cascades that result in 
the classic atopic triad, they may be considered potential future biologic therapies for 
patients with AKC and VKC.

5. Conclusions

Allergic eye disease, affecting around 1 in 3 Americans, is a ubiquitous condition 
and will likely only increase in prevalence as global warming and climate change 
result in higher temperatures and humidity. Existing on a wide spectrum, from milder 
forms like SAC and PAC, to more severe, vision-threatening forms in AKC and VKC, 
treatment of allergic eye disease can be complex, as it often coexists with dry eye 
disease. As novel medications with vastly different mechanisms of action and routes 
of administration are developed to address nuanced forms of dry eye and allergic 
disease, physicians will have more tools to address clinical signs and symptoms of dry 
eye and allergic eye disease in their patients.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Dry eye disease (DED) is a common ocular disorder affecting millions worldwide. 
It is characterized by reduced tear production and/or increased tear evaporation, 
leading to ocular discomfort and impaired vision. Corneal imaging techniques are 
valuable tools for diagnosing and monitoring DED, as they can provide objective 
and quantitative information on the structure and function of the ocular surface 
and the tear film. This chapter will review the principles and applications of various 
corneal imaging techniques for DED, such as Slit-Lamp Biomicroscopy, Fluorescein 
CorneoGraphy, In Vivo Confocal Microscopy, Optical Coherence Tomography, Lipid 
Layer Interferometry, Topography, and Fluorophotometry. The advantages and 
limitations of each technique are discussed, as well as their potential role in future 
research and clinical practice, such as monitoring treatment efficacy and guiding 
personalized treatment approaches.

Keywords: corneal imaging, dry eye imaging biomarkers, dry eye disease, meibomian 
gland dysfunction, tear film evaluation

1. Introduction

DED is a widespread ocular ailment that impacts a significant number of 
 individuals across the world. The condition is defined by a decrease in tear produc-
tion, greater evaporation of tears, or changes in tear composition. Consequently, 
individuals may experience eye discomfort, vision abnormalities, and damage to the 
surface of their eyes. Corneal imaging methods are valuable resources for diagnosing 
and monitoring DED, as they can offer precise and quantifiable assessments of the 
structure and function of the cornea. Below we will elaborate on some of the most 
widely used corneal imaging techniques for DED in greater detail.

2. Slit-lamp biomicroscopy

Slit-lamp biomicroscopy (Figure 1) is a technique that allows the examination of 
the anterior and posterior segments of the eye using a high-intensity light source and 
a magnifying lens. It is a vital implement for diagnosing and managing various ocular 
conditions, such as DED, corneal injuries, corneal dystrophy, and cataracts.
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2.1 Principles and applications

It consists of a binocular microscope and a light source that can be adjusted in 
width, height, angle, and intensity. The slit lamp can be combined with various 
accessories, such as lenses, filters, tonometers, and cameras, to perform additional 
diagnostic procedures [1]. This method can help to assess the severity of DED by mea-
suring the tear film break-up time (TBUT), the tear meniscus height (TMH), and the 
presence of corneal and conjunctival staining as well as the underlying causes, such as 
meibomian gland dysfunction (MGD), blepharitis, or ocular surface inflammation [2].

Slit-lamp biomicroscopy is especially useful for studying contact lens wearers 
and DED patients who may have altered ocular surface microcirculation due to their 
conditions. It can reveal subtle changes in the blood flow and vessel density of the 
conjunctiva that may indicate the severity and progression of DED or the effects of 
contact lens wear [3].

2.2 Advantages and limitations

• It is noninvasive method.

• It can help in the early detection of DED.

• It provides high-resolution images of the ocular structures and microvasculature 
such as TMH.

Figure 1. 
(A) Slit-lamp biomicroscopy, a binocular microscope equipped with an adjustable light source, lenses for varying 
magnifications, and light filters. It allows examination of both the anterior and posterior segments of the eye, as well 
as performing diagnostic procedures. (B) Color photo of the anterior segment of the right eye in a patient with nasal 
pterygium, conjunctival melanosis, and gerontoxon. (C) Photo of the anterior segment of the eye with a cobalt-blue 
filter in a patient with fluorescein staining demonstrating superior and inferior corneal epithelial erosions.
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• It allows the manipulation of illumination and magnification, facilitating the 
observation of different features of DED such as TBUT.

• It can help in monitoring disease progression.

While it is a valuable tool in the diagnosis of DED, it has some limitations that 
should be considered. Firstly, it is a subjective and qualitative method that relies 
heavily on the examiner’s expertise and experience. Additionally, it may not provide 
a comprehensive understanding of the underlying causes, severity, or progression of 
DED. For instance, it cannot measure crucial indicators of DED such as tear osmolar-
ity, tear production, tear evaporation rate, or inflammatory markers.

2.3 Potential role in future research and clinical practice

Researchers can use this technique to evaluate the accuracy and reliability of new 
diagnostic tools for DED, such as imaging technologies or tear film biomarkers. By 
comparing the results of these new tools with those obtained from traditional slit-lamp 
examinations, researchers can determine their usefulness in clinical practice. It can 
also be used to assess the effectiveness of treatments for DED, such as anti-inflamma-
tory medications, artificial tears, and punctal occlusion. This technique allows them to 
measure changes in tear film quality, corneal staining, and other parameters, providing 
a reliable means of evaluating treatment efficacy for improving ocular surface health.

In clinical practice, it is used to assess the severity of corneal damage or DED by 
applying corneal grading scales. Some of the most commonly used corneal grading 
scales are the National Eye Institute/Industry Workshop (NEI) grading scale, the 
Oxford grading scale, and the Van Bijsterveld grading scale [4]. All three scales use a 
four-point grading system but differ in the number and location of regions evaluated, 
the type of dye used for the conjunctiva, and the illumination and magnification 
settings of the slit-lamp biomicroscopy [5].

This method can reveal signs of DED such as conjunctival hyperemia, 
 corneal staining, tear film instability, and MGD [6]. Different filters can be used to 
enhance the visualization of these signs. For example, a cobalt-blue filter can be used 
with fluorescein dye to detect corneal epithelial defects or measure TBUT [7].

Overall, slit-lamp biomicroscopy is a valuable and versatile equipment in the diagnosis 
and management of DED, as well as other ocular conditions. Its ability to provide high 
magnification and illumination of the anterior and posterior segments of the eye allows 
for a detailed examination of its structures, function, and abnormalities. However, it 
should be used in conjunction with other diagnostic tools to accurately diagnose and man-
age DED. Furthermore, it has potential roles in future research to develop and evaluate 
new diagnostic tools and treatments for DED and investigate its underlying mechanisms.

3. In vivo confocal microscopy

In vivo confocal microscopy (IVCM) (Figure 2) is a noninvasive imaging technique 
that allows high-resolution and real-time visualization of cellular and subcellular 
structures of the cornea and other ocular tissues in living eyes. IVCM can provide 
information about the morphology, density, distribution, and function of various 
corneal structures, such as epithelial cells, immune cells, nerves, keratocytes, endo-
thelial cells, and meibomian glands [8].
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3.1 Principles and applications

IVCM works by directing a laser beam onto a specific area, allowing for the detec-
tion of cellular structures through the reflection of light from a single focal plane [9]. 
By scanning different depths of tissue sequentially, it can generate high-resolution 
images that resemble histological sections. The microscope is able to capture these 
images of cells at different levels of depth, thus providing a noninvasive way to moni-
tor changes in cells over time [8].

IVCM has various applications, such as studying corneal physiology and pathol-
ogy, diagnosing infectious and inflammatory diseases, monitoring treatment efficacy, 
and guiding personalized treatment approaches [8, 10]. It can measure the density, 
morphology, branching pattern, tortuosity, reflectivity, length, and diameter of 
subbasal nerve plexus (SNP), which are altered in DED due to neurosensory abnor-
malities. SNP parameters can also correlate with clinical signs and symptoms of DED 
[11]. It can also quantify the density, size, shape, and activation state of dendritic 
cells (DCs), which are increased in DED due to inflammation. DCs parameters can 
also correlate with clinical signs and symptoms of DED [12]. IVCM can assess the 
morphology, density, and function of meibomian glands, which are impaired in 
evaporative dry eye (EDE) due to MGD. Meibomian gland parameters can also cor-
relate with clinical signs and symptoms of EDE [13]. IVCM can diagnose DED more 
accurately by identifying specific features such as epithelial irregularity, microcysts, 
dendritic cells, nerve fiber loss, keratocyte activation, and meibomian gland dropout 
[8, 14]. Moreover, it can help monitor the progression of DED over time and evalu-
ate the response to different treatments [15]. For example, it can show the effects of 
artificial tears on epithelial integrity, the effects of cyclosporine on inflammatory cell 

Figure 2. 
(A) In vivo confocal microscopy is a noninvasive imaging technique that allows high-resolution, real-time 
visualization of cellular and subcellular ocular structures. (B) Corneal stromal opacities in a patient with fleck 
dystrophy. (C) Corneal endothelium with guttae in a patient with advanced Fuchs dystrophy.
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infiltration, or the effects of thermal pulsation therapy on meibomian gland function 
[16–18]. It can also assist in the diagnosis and management of corneal and conjuncti-
val diseases, as well as the monitoring of postsurgical outcomes [19–21].

3.2 Advantages and limitations

It has several advantages over conventional histology because of its noninvasive 
nature, such as providing real-time images without tissue processing or staining, 
eliminating the need for tissue biopsy, reducing the risk of infection and scarring. It 
can detect subtle changes in the ocular surface that may not be visible with slit-lamp 
examination or staining techniques. For example, it can reveal epithelial cell loss, 
microcysts, basal cell density reduction, keratocyte activation, nerve fiber altera-
tions, inflammatory cell infiltration, vascularization, and fibrosis in DED patients 
[8, 22]. IVCM can quantify these changes using objective parameters such as cell den-
sity, cell size, cell shape index, nerve fiber length, nerve fiber density, nerve branch 
density, nerve tortuosity, meibomian gland acinar unit density, meibomian gland 
acinar unit diameter, meibomian gland fibrosis grade, etc., which can help monitor 
disease progression and treatment response [20, 23]. It can also differentiate between 
different types and subtypes of DED based on their distinct ocular surface features. 
For example, it can help distinguish between the aqueous-deficient dry eye (ADDE) 
and EDE, as well as between obstructive MGD and nonobstructive MGD [24].

IVCM also allows for repeated imaging with quantitative analysis of morphologi-
cal parameters making it an excellent tool for monitoring treatment efficacy and 
disease progression. Additionally, it can be used to assess eye conditions at the cellular 
level, providing detailed information on disease mechanisms and aiding in develop-
ing personalized treatment approaches.

However, it has some limitations, such as limited penetration depth, variability in 
image quality and interpretation, lack of standardized protocols and criteria for diag-
nosis, and potential risks of corneal damage or infection from contact probes [8]. It 
has a small field of view (~400×400 micrometers), which may not represent the whole 
ocular surface area or capture regional variations. Therefore, multiple images from 
different locations are needed to obtain a comprehensive assessment [25]. It also lacks 
population-based norms or standardized criteria for normal or abnormal findings.

Therefore, the interpretation and quantification of IVCM images may vary 
depending on the operator’s experience or software used. Moreover, the correlation 
between IVCM parameters and clinical symptoms or signs is not always consistent or 
linear. It is still an expensive and relatively rare device that is not widely available or 
accessible, limiting its use in clinical practice [26].

3.3 Potential role in future research and clinical practice

The diagnosis and management of DED can be challenging, as no single test can 
reliably assess the severity and etiology of the condition [27]. Furthermore, there may 
be a discrepancy between clinical signs and symptoms of DED, as some patients may 
have significant ocular surface damage without experiencing discomfort, while others 
may report severe discomfort with minimal signs [28].

The following findings suggest that IVCM is an important tool that has a potential 
role in future research and clinical practice of DED, as it can provide valuable insights 
into the pathophysiology, diagnosis, classification, and treatment response of its 
different subtypes:
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• It has been shown that patients with ADDE have reduced density and increased 
tortuosity of corneal subbasal nerves compared to healthy controls, while 
patients with EDE have increased density and decreased tortuosity of these 
nerves compared to ADDE patients [24].

• It has also shown that patients with MGD have altered morphology and function of 
meibomian glands compared to healthy controls, such as decreased acinar density, 
increased acinar size variability, increased ductal dilation, etc. These changes cor-
relate with clinical signs such as meibum quality, meibum expressibility, etc. [29].

• It has demonstrated that various treatments for DED can improve ocular surface 
parameters such as corneal epithelial cell density, corneal nerve density and mor-
phology, meibomian gland morphology and function, etc. [30].

• It can be used to evaluate the corneal and conjunctival epithelium, monitor 
graft survival after transplantation, and evaluate the effectiveness of topical 
medications [31].

In summary, IVCM is a noninvasive imaging technique that allows for the visu-
alization of living cells and tissues in situ. Although it has limitations, it can provide 
detailed cellular information that boosts our understanding of ocular surface diseases 
and improves eye care management for further research and clinical practice [32].

4. Optical coherence tomography

Optical coherence tomography (OCT) (Figure 3) is a noninvasive imaging 
technique that uses low-coherence light to capture micrometer-resolution, two- and 

Figure 3. 
(A) Optical coherence tomography is a noninvasive imaging technique that uses low-coherence light to capture 
micron-resolution two- and three-dimensional images creating high-resolution images of biological tissues. (B) 
Anterior segment optical coherence tomography in a healthy patient. (C) Pachymetry module (corneal thickness).
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three-dimensional images creating high-resolution images of biological tissues. It is 
effectively ‘optical ultrasound’, imaging reflections from within tissue to provide cross-
sectional images. OCT has become vital equipment in medical diagnosis and research 
due to its ability to provide detailed information about tissue microstructure and func-
tion. It is widely used for medical imaging and industrial nondestructive testing (NDT).

4.1 Principles and applications

OCT is based on the principle of low-coherence interferometry, which measures 
the interference pattern of two coherent light beams. The wavelength used is around 
1300 nm to minimize energy absorption in the light beam caused by protein, water, 
hemoglobin, and lipids. The physics principle that allows the filtering of scattered 
light is optical coherence [33, 34].

It exploits the fact that coherent light can be split into two beams by a beam split-
ter: one beam (the reference beam) travels along a known path length and reflects off 
a mirror, while the other beam (the sample beam) travels through the tissue of inter-
est and reflects off various structures within it [35]. The two beams are then recom-
bined by another beam splitter and detected by a photodetector [36]. The interference 
pattern produced by the recombined beams depends on the difference in optical path 
length between them [37]. By varying the position of the reference mirror, different 
depths within the tissue can be scanned and imaged [38].

There are different types of OCT systems based on how they vary the reference 
path length and how they detect the interference signal. The most common types are 
time-domain OCT (TD-OCT), frequency-domain OCT (FD-OCT), and swept-source 
OCT (SS-OCT) [38, 39].

• TD-OCT uses a moving reference mirror to scan different depths within the 
tissue sequentially. The interference signal is detected as a function of time by a 
single photodetector [40].

• FD-OCT uses a fixed reference mirror and measures the interference signal as a 
function of wavelength by using an array of photodetectors or a spectrometer. 
This allows simultaneous acquisition of all depths within the tissue without 
mechanical scanning [41].

• SS-OCT uses a tunable laser source that sweeps across different wavelengths 
rapidly. The interference signal is detected as a function of time by a single 
photodetector synchronized with the laser sweep [42].

FD-OCT and SS-OCT offer higher speed, sensitivity, and resolution than TD-OCT 
because they avoid mechanical scanning and use more efficient detection methods [43].

OCT has many applications in biomedical imaging due to its ability to provide 
high-resolution cross-sectional images of tissue microstructure without requiring 
invasive procedures or contrast agents [38]. It can provide valuable information 
about the corneal epithelial thickness (CET), which reflects the health and integrity 
of the ocular surface [44]. In addition, OCT can image different layers of the cornea, 
anterior and posterior chamber, etc., providing valuable information for diagnosing 
and monitoring diseases such as keratoconus, corneal disorders, glaucoma, diabetic 
retinopathy, age-related macular degeneration, etc. [45].
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4.2 Advantages and limitations

One of the primary advantages is its noninvasive nature, which allows for repeat 
imaging of tissues. Additionally, OCT can provide real-time imaging, which can aid 
in surgical procedures, reducing the chances of error because it is a computerized 
procedure [46]. It has several advantages over other imaging modalities; some of 
these advantages are:

• High resolution: it can achieve submicrometer axial resolution and micrometer 
lateral resolution in tissue, which allows visualization of cellular-level features 
that are not accessible by other techniques [47].

• High speed: it can acquire images at rates up to hundreds of frames per second or 
even megahertz range with FD-OCT methods, which enables real-time feedback 
during interventions or dynamic studies [38].

• Noninvasiveness: it does not require ionizing radiation or contrast agents that 
may pose health risks or cause allergic reactions. It also does not require physical 
contact with the sample except for intravascular applications [48].

• Versatility: it can be integrated with various endoscopic devices or surgical instru-
ments to enable minimally invasive imaging in different anatomical locations, for 
example, some devices can combine OCT with other modalities like confocal scan-
ning laser ophthalmoscopy (cSLO) or indocyanine green angiography (ICG) [49].

However, it also has some limitations; for instance, it may not capture subtle 
changes in CET that occur in the mild or early stages of DED. Moreover, OCT 
measurements of CET may vary depending on the device type, scanning protocol, 
calibration method, and image processing algorithm [50].

Some other limitations are:

• It is expensive and not always covered by insurance.

• It requires patient cooperation and operator skill.

• It may produce image artifacts and distortions due to eye movements, blinking, 
or scanning errors.

• It is sensitive to tissue optical properties, and tissues with different optical 
properties may not be imaged with the same resolution.

• It has a limited penetration depth due to multiple scattering effects within tissue, 
and OCT typically has a penetration depth ranging from 1 to 3 mm depending on 
tissue type, which restricts its ability to image deeper tissues [45, 51, 52].

4.3 Potential role in future research and clinical practice

Recently, OCT has also shown potential for diagnosing and managing DED [53]. 
It can measure parameters such as TMH, CET, and meibomian gland morphology, 
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which are related to DED severity and symptoms. By integrating OCT-derived data 
into a new scoring method, researchers have proposed a more objective and accurate 
way of assessing DED [54]. Therefore, it may play an important role in future DED 
research and clinical practice by providing novel insights into its pathophysiology, 
diagnosis, and treatment [55].

One area where OCT is being used is in monitoring treatment efficacy [56]. For 
example, it can be used to monitor changes in tissue microstructure and function 
following treatment for diseases such as cancer, and it can also be used to mea-
sure retinal nerve fiber layer thickness, macular thickness, choroidal thickness, 
optic nerve head parameters, etc., which can reflect the progression or regression 
of various eye diseases [57, 58]. Additionally, it can be used to guide personal-
ized treatment approaches by providing information about tissue structure and 
 function [59].

Another area where it has potential is developing new imaging agents. Researchers 
are exploring using OCT in combination with contrast agents to improve image 
contrast and sensitivity, which could allow for earlier detection of diseases [60].

In conclusion, OCT is a very resourceful method with various clinical and research 
applications. While it has some limitations, its noninvasive nature and high-resolu-
tion images make it an attractive option for diagnosing and monitoring eye diseases 
such as DED.

5. Lipid layer interferometry

Lipid layer interferometry (LLI) (Figure 4) is a technique that uses light interference 
patterns to measure the thickness, stability, and quality of the lipid layer in vivo. LLI 
is a promising tool for diagnosing and managing DED caused by MGD. It can provide 
objective and quantitative information about the lipid layer quality and guide treat-
ment decisions based on individual patient needs.

Figure 4. 
(A) Lipid layer interferometry is a technique that uses light interference patterns to measure the thickness, 
stability, and quality of the lipid layer in vivo. (B) Tear film image. (C) Meibomian gland imaging in a patient 
with dry eye syndrome.
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5.1 Principles and applications

LLI works by shining a beam of polarized light onto the tear film and capturing 
the reflected light with a camera—the reflected light forms an interference pattern 
that depends on the thickness and uniformity of the lipid layer. The interference 
pattern can be analyzed using software algorithms to calculate the lipid layer thick-
ness (LLT) in nanometers (nm) or interferometric color units (ICU), which are close 
but not exactly equivalent to nm, and classify their appearance into different grades 
[61]. A normal LLT ranges from 80 to 120 nm (or ICU), while a thin LLT is below 
60 nm (or ICU). A thick LLT above 100 nm (or ICU) may indicate excessive meibum 
production or altered tear film dynamics [42]. Different thicknesses produce differ-
ent colors according to a specific scale. For example, white indicates a very thin LLT 
(<20 nm), while yellow indicates a thick LLT (>100 nm) [62].

LLI can provide quantitative and qualitative information about the lipid layer 
in DED patients, which can help diagnose and monitor their condition [61]. The 
lipid layer prevents excessive evaporation of tears and provides lubrication for 
blinking [63].

One of the devices that use LLI is LipiView II (Johnson & Johnson Vision), 
which measures the LLT between blinks and gives a numerical value in ICU units 
close to nanometers [64]. LipiView II also captures images of the lipid layer spread 
(LLS), which reflects how well the lipid layer covers and smooths out after each 
blink. A normal LLS is considered to be uniform and continuous [64, 65]. Several 
studies have shown that LLI can be useful for assessing DED severity and treat-
ment response. For example, a study by Yunji Lee Et al. found that DED patients 
had significantly lower LLT and LLS than healthy controls and that LLT correlated 
with TBUT and ocular surface staining scores. They also found that DED patients 
with thick LLT (>100 ICU) had different characteristics than those with thin LLT 
(<100 ICU), such as higher TBUT, lower osmolarity, and lower inflammatory 
markers [66].

5.2 Advantages and limitations

LLI provides a noninvasive, real-time, and quantitative measurement of the thick-
ness and quality of the lipid layer, enabling the study of various interventions effects 
on it and ocular surface health [67, 68]. LLI has also been shown to have good repro-
ducibility and sensitivity in detecting changes in the lipid layer [68]. Additionally, LLI 
has been used to evaluate DED and MGD [69–72].

In summary:

• Noninvasive and real-time method for quantitatively measuring the thickness 
and quality of the lipid layer in the tear film.

• Good reproducibility and sensitivity in detecting changes in the lipid layer.

• Enables the study of various interventions’ effects on the lipid layer and ocular 
surface health.

• Useful for evaluating DED, contact lens wear, and meibomian gland dysfunction.
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• Noninvasive and does not require contact with the eye or the instillation of any 
dye or drops.

• Provides quantitative and objective measurements of LLT that can be compared 
over time or between groups.

• Can detect subtle changes in LLT that may not be visible with other techniques.

• Reveals spatial variations in LLT across different regions of the eye.

However, it also has some limitations and challenges:

• The technique may have a limited ability to discriminate between thin lipid 
layers, as measurements may be affected by the instrument’s sensitivity and 
resolution [71]. Secondly, LLI may not provide a complete picture of the lipid 
layer structure, as it only provides measurements of the LLT and quality, not its 
composition or structure [73].

• Some researchers have suggested that LLI measurements may be influenced by 
environmental factors such as temperature and humidity, which may affect the 
behavior of the lipid layer [74, 75].

• Finally, LLI measurements may be affected by the ocular surface curvature, 
refractive errors, blinking artifacts, or variations in the tear film during the 
measurement process [71].

5.3 Potential role in future research and clinical practice

One potential application is the evaluation of therapeutic interventions, such as 
topical lipid-based treatments, in improving the LLT and quality. Studies have shown 
that LLI can detect subtle changes in the lipid layer that may not be visible with other 
techniques, making it a useful tool in the assessment of DED [76]. In addition, the 
use of LLI may help in the identification of patients who are more likely to benefit 
from certain treatments, as well as to monitor the response to therapy [77].

Another potential application is in the assessment of MGD. Studies have shown 
a correlation between MGD severity and the quality of the lipid layer [78]. LLI may 
therefore be useful in the diagnosis and monitoring of MGD and in evaluating the 
effectiveness of treatments targeted at improving meibomian gland function [79]. 
LLI has been used to evaluate the effects of contact lenses on the LLT and quality [80]. 
In addition, it may be useful in the assessment of contact lens materials and designs 
and in developing new contact lens solutions aimed at improving the lipid layer and 
reducing symptoms of dryness and discomfort [81].

In conclusion, LLI is a promising tool for diagnosing and managing DED caused 
by MGD. It provides a noninvasive, real-time, and quantitative measurement of the 
thickness and quality of the lipid layer. LLI has been shown to have good reproducibil-
ity and sensitivity in detecting changes in the lipid layer, making it a valuable tool for 
understanding its role in the tear film and its impact on ocular surface health. However, 
LLI has some limitations and challenges and should be used in conjunction with other 
diagnostic methods to obtain a comprehensive evaluation of DED etiology and severity.
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6. Topography

Topography (Figure 5) is a corneal imaging technique that provides detailed 3D 
maps of the cornea’s shape and curvature. It detects corneal diseases and irregular 
corneal conditions, such as swelling, scarring, abrasions, deformities, and irregular 
astigmatisms [82]. It can also monitor the progression of DED and co-existing eye 
diseases, such as pterygium. It is an essential tool for refractive surgery candidates 
with DED, as it can measure CET and assess suitability for surgery [83].

6.1 Principles and applications

Corneal topography uses three principles: Placido disc reflection, Scanning slit 
technology, or Scheimpflug photography. It works by projecting a luminous object 
onto the cornea and analyzing its reflection.

There are different methods of corneal topography, such as the Placido method, 
slit scanning technique, and Schiempflug method [84–86]. The Placido method uses 
concentric rings of light to create a pattern on the cornea that can be captured by a 
camera [87]. The slit scanning technique uses a rotating slit beam to scan the cornea 
at different depths [86]. The Schiempflug method uses a rotating camera and light 
source that are tilted at an angle to capture images of both the anterior and posterior 
surfaces of the cornea [86]. Corneal topography can provide valuable information 
about the quality of vision and guide surgical planning for procedures such as laser 
refractive surgery, cataract surgery, and corneal transplantation [85]. This method 
can provide useful information for diagnosing and monitoring corneal diseases, 
planning refractive surgery, fitting contact lenses, evaluating postoperative outcomes, 
etc. It can be used to characterize the shape of the cornea, specifically, the anterior 

Figure 5. 
(A) Corneal topography is an imaging technique of the cornea that provides detailed 3D maps of the shape and 
curvature of the cornea. (B) Corneal topography in a patient with mild corneal astigmatism. (C) Placido ring 
illumination and measurement of the tear meniscus.
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surface of the cornea. Most corneal topographical systems are based on Placido discs 
that analyze rings that are reflected off the corneal surface [88]. The posterior corneal 
surface cannot be characterized using Placido disc technology [88].

Corneal topography is a technique that is also used to measure the thickness 
of the cornea [89]. It has been used to assess the effect of dry eye treatment on 
corneal thickness. Precise corneal topography measurements are essential for 
co-existing eye diseases in DED (DED) patients [90]. The tear film instability and 
hyper-osmolarity, ocular surface inflammation and damage, and neuro-sensory 
abnormalities play etiological roles [90]. Studies have been conducted to assess the 
repeatability of corneal topography measurements in dry eye patients and healthy 
controls [90, 91].

6.2 Advantages and limitations

• It can detect subtle changes in the corneal surface that may indicate DED, such 
as swelling, scarring, abrasions, or deformities. These changes can affect vision 
quality and increase the risk of infection or inflammation [88].

• It can help monitor the progression and severity of DED by measuring param-
eters such as corneal thickness, curvature, astigmatism, and irregularity. These 
parameters can reflect the degree of damage to the cornea caused by DED and 
guide treatment decisions [88, 92, 93].

• It can help evaluate the effectiveness of treatments for DED by showing improve-
ments or worsening in corneal parameters after interventions such as artificial 
tears, punctal plugs, cyclosporine drops, or surgery.

However, it has some limitations when it comes to assessing DED. Here are some 
of them:

• It is unable to directly evaluate the quality or quantity of the tear film. Its find-
ings only indicate the effect of DED on the cornea, which means it may not 
detect mild or early stages of DED that have not yet resulted in significant 
corneal changes [94].

• It may be influenced by factors other than DED, such as contact lens wear, ocular 
surgery, allergies, or infections. These factors may cause false-positive or false-
negative results when evaluating DED with corneal topography [95].

• It may not be consistent or repeatable in severe cases of DED.

• It may not be covered by insurance for DED diagnosis.

6.3 Potential role in future research and clinical practice

• Developing new algorithms and models to improve the accuracy and reliability 
of corneal measurements [96, 97].

• Exploring novel parameters and indices to better characterize corneal shape and 
biomechanics.
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• Investigating correlations between corneal topography and other ocular or 
systemic factors, such as intraocular pressure, tear film quality, diabetes mel-
litus, etc.

• Evaluating outcomes and complications of emerging surgical techniques or 
devices that modify corneal shape or function.

• Comparing different modalities or brands of corneal topography devices to 
establish standards and norms.

• A study found that corneal topography measurements could be used to predict 
corneal strength and resistance to deformation [98]. These findings suggest 
that corneal topography may have a valuable role in evaluating ocular bio-
mechanics, which could be useful in diagnosing and monitoring various eye 
diseases.

It can be useful for several purposes in the clinical practice of DED:

• Screening: It can help identify patients who may have DED or are at risk of devel-
oping it by showing signs of irregularity or distortion in the corneal surface. For 
example, patients with MGD may show increased central corneal steepening due 
to tear film instability. Patients with Sjögren syndrome (SS) may show decreased 
central corneal thickness due to chronic inflammation [90].

• Diagnosis: It can help confirm or rule out DED by showing objective evidence of 
ocular surface damage or alteration due to tear film dysfunction. For example, 
patients with DED may show reduced TBUT. It can also measure TBUT by 
capturing images of the cornea at different intervals after blinking and calculat-
ing how long it takes for irregularities to appear [95]. Patients with DED may 
also show increased staining of the cornea with fluorescein dye due to epithelial 
defects or erosions. It can quantify staining by analyzing the intensity and 
distribution of fluorescence on the cornea.

• Monitoring: It can help track the progression or improvement of DED by show-
ing changes in the corneal surface over time.

• It can measure CII by comparing different regions of the cornea and calculating 
how much they deviate from an ideal spherical shape [88, 99]. Patients with DED 
may also show worsening or improvement in their ocular surface disease index 
(OSDI). It may correlate OSDI scores with objective parameters such as TBUT, 
staining, and CII [100].

In conclusion, corneal topography is a valuable diagnostic and treatment 
tool for various ocular conditions such as DED. It also provides opportunities 
for advancing knowledge and innovation in ophthalmology. However, alone it is 
insufficient for diagnosing or treating DED. It must be used in conjunction with 
other tests and methods, including patient history, symptom assessment, tear 
film evaluation (e.g., Schirmer test), ocular surface staining (e.g., fluorescein), 
meibomian gland function (e.g., meibography), and inflammatory markers (e.g., 
MMP-9).
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7. Fluorophotometry

Fluorophotometry is a technique that uses a device called a fluorophotometer to 
measure the fluorescence intensity of a dye called fluorescein after it is applied to 
the eye. Fluorescein is a yellow-green dye that binds to damaged cells on the cor-
neal surface and emits light when exposed to blue light. It can provide information 
about various aspects of DED, such as corneal epithelial integrity and permeability, 
by measuring how much fluorescein penetrates into the cornea and how fast it 
is eliminated from the eye. It can also yield data concerning tear film stability, tear 
turnover rate and aqueous humor flow rate [101].

7.1 Principles and applications

It is based on the principle that some molecules (fluorophores) can absorb light at 
a certain wavelength (excitation) and emit light at a longer wavelength (emission). 
The intensity of the emitted light depends on several factors, such as the concentra-
tion of the fluorophore, the optical properties of the tissue, and the presence of 
quenchers or enhancers.

Fluorescein is a commonly used fluorophore for ocular fluorometry because it has 
a high quantum yield (the ratio of photons emitted to photons absorbed), low toxic-
ity, and good solubility in water. Fluorescein has an excitation peak at 490 nm (blue 
light) and an emission peak at 520 nm (green light) [102].

To perform this technique, a known amount of fluorescein solution is instilled into 
the eye using a calibrated micropipette or strip. After allowing some time for diffu-
sion and clearance of excess dye from the ocular surface, a fluorometer device is used 
to scan different regions of interest within the eye [103]. The fluorometer consists of 
an excitation source (usually a xenon arc lamp), an optical system (including filters or 
monochromators), a photodetector (usually a photomultiplier tube), and an elec-
tronic system for data acquisition and analysis [104]. The fluorometer measures the 
fluorescence intensity at each point along a scan line across the eye. The fluorescence 
intensity can be converted into concentration units using calibration curves obtained 
from standard solutions [105]. The concentration profiles can then be plotted as func-
tions of location within the eye or time after dye instillation.

This method can be used to evaluate several parameters related to DED:

• Corneal epithelial permeability: It can measure this parameter by calculating the 
rate or extent of fluorescein penetration across the cornea [106]. This can reflect 
the degree of epithelial injury or dysfunction in DED patients.

• Tear film stability: It can measure this parameter by calculating the decay rate 
or half-life of fluorescein concentration on the corneal surface [103]. This can 
reflect the quality and stability of the tear film in DED patients.

• Tear turnover rate: This can reflect tear production and drainage imbalances, 
which may contribute to ocular surface irritation and inflammation in DED 
patients [106, 107].

7.2 Advantages and limitations

• It is objective and quantitative: it provides numerical values that can be com-
pared across different individuals or time points [103].
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• It is noninvasive: it does not require any contact with the eye surface or any tissue 
sampling [103].

• It is sensitive: it can detect subtle changes in the corneal epithelium that may not 
be visible with other methods such as slit-lamp examination or staining [103].

• It is specific: it measures only the permeability of the corneal epithelium, which 
is directly related to its barrier function and not influenced by other factors such 
as tear volume, osmolarity, or viscosity [103].

• It is fast and easy: the test can be performed in a few minutes with minimal train-
ing required for the operator [103].

• It is safe: the dye used in the test is typically administered in low doses and has a 
low risk of adverse reactions [103].

• It is reliable: the test has high repeatability, meaning that results can be repro-
duced consistently over time and across different operators [101, 103].

• It is dynamic: it can be used to monitor changes in corneal permeability over 
time, providing valuable information about disease progression or response to 
treatment [103].

• It is predictive: the test can indicate risk factors or prognosis for DED, allowing 
for early intervention and better management of the disease [103].

• It is responsive: changes in corneal permeability measured by fluorophotometry 
can reflect the effects of treatment, allowing for more precise and personalized 
treatment plans [108].

However, it also has some limitations:

• It requires specialized equipment: It is an expensive device that may not be 
widely available in clinical settings.

• It requires careful calibration: Before each measurement, the device needs to be 
adjusted according to ambient light conditions, background fluorescence, and 
patient characteristics such as pupil size, iris color, and refractive error [109].

• It requires standardized protocol: There are many variables that can affect 
this method such as dye concentration, volume, and instillation method; time 
interval between instillation and measurement; and number and duration of 
measurements. These variables need to be controlled and reported for accurate 
interpretation and comparison of data [110].

• It may cause discomfort: some patients may experience a burning sensation, 
tearing, or blurred vision after fluorescein instillation; these effects usu-
ally subside within minutes but may interfere with patient compliance or 
cooperation.
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7.3 Potential role in future research and clinical practice

It can be used to evaluate the safety of contact lens wear. By measuring the corneal 
epithelial permeability and tear film thickness, it can detect changes in the ocular 
surface associated with contact lens wear, which can inform the development of safer 
and more effective contact lenses [111]. It can also be used to evaluate the efficacy of new 
drug candidates for DED by measuring the drug penetration through the cornea and the 
ocular surface, and it can provide insights into the drug’s pharmacokinetics and bioavail-
ability, which are crucial factors in determining the efficacy of topical ocular treatments.

Below are a few examples of how clinicians utilize fluorophotometry in the 
management of DED:

• Management of DED patients: It may be useful clinically because an increased 
corneal uptake of fluorescein reveals subtle damage to the corneal epithelium [98]. 
Its measurements of the penetration of fluorescein across the corneal epithelium 
could be of value in diagnosing or monitoring DED [103]. It has been investigated 
whether fluorophotometry correlated with previously established DED diagnostic 
tests and whether it could serve as a novel objective metric to evaluate DED [108].

• Evaluation of treatment effectiveness: It can be used to monitor the effectiveness 
of treatments aimed at improving tear film stability and corneal integrity, such 
as artificial tears, punctal occlusion, and topical medications. Measuring the rate 
of tear turnover and corneal permeability before and after treatment, it can help 
determine if the treatment is working as intended [103].

• Assessment of contact lens safety: It can be used to assess the safety of contact 
lens wear by measuring the corneal epithelial permeability and tear film thick-
ness. These measurements can help identify changes in the ocular surface 
associated with contact lens wear, which can inform decisions about contact lens 
selection and management [111].

• Research: It is also used in research settings to investigate the underlying 
causes of DED and to evaluate new treatments. The quantitative measurements 
provided by fluorophotometry are useful for assessing treatment efficacy and for 
monitoring changes in tear film stability and corneal integrity over time [103].

In conclusion, fluorophotometry is a promising noninvasive technique that can provide 
objective and quantitative information about various aspects of DED, including corneal 
epithelial integrity and permeability, tear film stability, tear turnover rate, aqueous humor 
flow rate, and blood-retinal barrier integrity. It can be used to monitor changes in corneal 
permeability over time, evaluate risk factors or prognosis for DED, develop personalized 
treatment plans, investigate the pathophysiology of DED, and develop new treatments. 
However, careful calibration and specialized equipment are required before use.

8. Fluorescein corneography

Fluorescein corneography (FCG) (Figure 6) is a cutting-edge technique that has 
been developed to detect punctate epithelial erosions (PEE) with great precision. 
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The technique utilizes a repurposed imaging system, the Heidelberg Spectralis II OCT 
with fluorescein angiography function, to capture the corneal epithelium staining 
patterns. The OCT-fluorescein angiography (FA) system is highly effective in provid-
ing robust detection of PEE in patients with DED [112].

8.1 Principles and applications

The principle behind FCG is to utilize the advanced capabilities of the Spectralis 
optical coherence tomography (OCT) system with fluorescein angiography (FA) 
function to visualize corneal epithelium staining patterns. The Spectralis imaging sys-
tem has advantages over typical imaging with a cobalt-blue filter, as it uses a 490 nm 
excitation laser that enables superior excitation of fluorescein and more detailed 
imaging of the corneal surface. Additionally, the device uses an appropriate barrier 
filter to enable specific imaging of fluorescein emission around 525 nm [112].

To perform FCG, the inferior lid of the imaged eye is gently pulled down, and 
2 microliters of 0.25% fluorescein sodium are instilled on the patient’s lower tarsal 
conjunctiva using a micropipette. One minute after fluorescein instillation, an ocular 
wash using sterile PBS is performed using the same micropipette. This is done by ask-
ing the patient to incline their head to the contralateral side of the eye of interest, and 
300 μL of sterile PBS is instilled through a micropipette, aiming at the ocular surface 
from the lateral sides in order to reduce fluorescein pooling and debris/tear film on 
the surface [112].

To obtain a complete corneal area visualization, the image frame is focused on 
a midpoint between the lacrimal caruncle and the corneal limbus while maintain-
ing a thorough view of the corneal epithelium from limbus to limbus. The lens is 
focused on the corneal epithelium in such a way that both the central and peripheral 
epithelium are clearly visualized in their totality. The sensitivity knob is kept constant 
during imaging, with minute compensation for maximal clarity [112].

Some applications of FCG include:

• Diagnosis of PEE: It is a highly sensitive and accurate method for detecting PEE, 
which is a common sign of DED. This technique can provide clinicians with a 
standardized methodology for robust detection of PEE.

Figure 6. 
(A) Fluorescein CorneoGraphy captures corneal epithelium fluorescein staining patterns. (B) Distribution of 
fluorescein stain in the tear film.
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• Evaluation of the effectiveness of DED treatments: It can be used to evaluate 
the effectiveness of different DED treatments by monitoring changes in corneal 
staining patterns over time.

• Research studies: It can be utilized in research studies to investigate the patho-
physiology of DED and to evaluate the efficacy of potential new treatments.

• Evaluation of corneal epithelial damage: It can be used to evaluate the extent 
of corneal epithelial damage in patients with other corneal disorders, such as 
corneal abrasions or infections.

• Screening tool for DED: It can be used as a screening tool for DED, especially in 
patients with light-colored irises who may not show typical signs of the condition.

8.2 Advantages and limitations

• Ability to focus on all regions of the cornea in one image.

• High contrast visualization.

• High sensitivity in detecting corneal staining.

• Particularly effective for light-colored iris patients.

• Standardized methodology for robust detection of PEE.

• Sensitive, rigorous and reproducible.

• Suitable for clinical and research practices.

• Commercially available.

• Safe and painless.

Nonetheless, it comes with certain constraints:

• Patient compliance for a perfectly centered image: The FCG standard operative 
procedure requires the patient to be compliant in achieving a perfectly centered 
image, which can be challenging for some patients.

• Need for external fixating light and second assistant: The OCT device used in 
the procedure requires an external fixating light to aid patients in centration, 
and a second assistant is needed to obtain a lid aperture, which may increase the 
complexity and length of the procedure.

• It may not be covered by insurance for DED diagnosis.

8.3 Potential role in future research and clinical practice

FCG has emerged as a crucial diagnostic tool that plays a pivotal role in unraveling 
the intricate pathophysiology of DED through its ability to generate high-resolution, 
real-time images of the corneal epithelium staining patterns, and it enables 
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researchers to gain valuable insights into its underlying mechanisms. As a result, it 
holds significant potential for facilitating future research efforts aimed at enhancing 
our understanding of the etiology and management of DED [112].

Furthermore, it provides a means to obtain intricate images of the corneal epithe-
lium staining patterns, which can be utilized to identify the underlying causes of the 
condition and unlock new potential treatment options. In addition, it can provide 
an objective way of assessing the effectiveness of different treatment modalities for 
DED, including topical eye drops, artificial tears, and other therapies. By monitoring 
changes in corneal staining patterns over time, FCG can serve as a sensitive and reli-
able metric to track disease progression and evaluate the response to different treat-
ments. This information can provide clinicians and researchers with valuable insights 
into the efficacy of different interventions [112].

In clinical practice, it can be used to diagnose and monitor PEE, providing clini-
cians with a standardized and highly sensitive methodology for detecting PEE. 
Additionally, it can be used as a screening tool for DED, especially in patients with 
light-colored irises who may not show typical signs of the condition. Furthermore, 
FCG can be used to evaluate the effectiveness of different DED treatments by moni-
toring changes in corneal staining patterns over time [112].

In summary, FCG is an effective technique that has high sensitivity and accuracy 
in detecting PEE, which is a frequent sign of DED. FCG has considerable potential to 
aid future research endeavors focused on improving our comprehension of the causes 
and treatment of DED. Providing detailed images of the corneal epithelium staining 
patterns, it can help identify the root causes of the condition and pave the way for 
novel therapeutic interventions.

9. Conclusion

The various corneal imaging techniques available provide valuable diagnostic and 
management tools for ocular surface conditions, particularly DED. Each technique 
has its strengths and limitations, and a combination of tools can provide a more 
complete evaluation of the ocular surface. As technology continues to improve, these 
imaging techniques hold great potential for advancing our understanding of ocular 
surface diseases and developing new treatments. In clinical practice, utilizing a 
variety of imaging techniques can improve the accuracy of diagnosis and individual-
ize treatment plans for patients with ocular surface conditions. Overall, these imaging 
techniques offer a promising future for improving the care of patients with DED and 
other ocular surface conditions.
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Chapter 6

Intense Regulated Pulsed Light 
(IRPL) for Dry Eye Treatment
Eduardo Rojas Alvarez and Naima Pino Urias

Abstract

IRPL was traditionally used for the treatment of a variety of dermatological 
diseases such as rosacea. However, third-generation equipment was created specifi-
cally for periocular application with multiple homogeneously sculpted pulses “It is 
the only IRPL device medically certified to treat Meibomian Gland Dysfunction.” 
Several hypotheses or effects of how the device works have been proposed. Ablation 
of the small telangiectatic vessels around the eyelid, elimination or reduction of the 
ectoparasite Demodex, which resides in the meibomian glands and consumes meibum 
secretions in patients who have rosacea, photomodulation of the glands stimulates 
cellular activity, improving the micro and macro structure of the meibomian 
glands. In addition, the modification would decrease the inflammation surrounding 
them.

Keywords: regulated intense pulsed light, dry eye, meibomian glands, dry rosacea,  
dry eye treatment

1. Introduction

Dry eye syndrome (DES) due to meibomian gland dysfunction (MGD) is a 
chronic alteration manifested by both quantitative and qualitative changes of 
the meibum, affecting the tear film and causing ocular irritation, inflamma-
tion, and/or pain [1]. According to Rouen, the worldwide prevalence rate of the 
syndrome is between 5% and 50%, but it can even reach 75%, depending on the 
geographical region and the age of the person, being more frequent in adults over 
40 years old, predominantly in women. 2.7% of those suffering from DES are 
adults between 18 and 45 years of age [2].

The basic treatment for people suffering from DES consists of the administration 
of artificial tears, the use of warm compresses, changes in the usual diet, increasing 
the intake of omega-3 oils, and the use of antibiotics and/or topical corticosteroids. 
However, despite the large number of options for management, in most cases, 
patients are not completely satisfied, causing discomfort and difficulties in their daily 
lives, which leads to the search for other therapies [3].

Intense regulated pulsed light (IRPL) is a digital device traditionally used for 
the treatment of a variety of dermatological conditions such as rosacea. However, 
third-generation equipment was created specifically for periocular application with 
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multiple homogeneously sculpted pulses. IRPL uses a xenon flash lamp to emit wave-
lengths of light from 400 to 1200 nm. When placed over the light, a filter restricts 
the wavelength to the visible light range of 500 nm. When applied to the skin, this 
500 nm light allows the blood vessels to capture the light and coagulation to occur, 
and eventually, they close [4].

IRPL is a relatively new therapy, which as of 2017, the Tear Film and Ocular 
Surface Society, included within the alternatives for the management of DES. 
However, the use of IRPL was well recognized in the field of dermatology for the 
treatment of dermal conditions such as rosacea, cavernous hemangiomas, and 
hypertrichosis, among others [5]. Its mechanism of action is developed through the 
uptake of light by the oxyhemoglobin present in red blood cells, generating heat and 
activating the coagulation process that induces thrombosis of blood vessels [6].

2. Development

IRPL was proposed as a therapy for DES when it was discovered by chance that 
patients who were being treated for rosacea and who also suffered from this syn-
drome, with intense pulsed light, improved their symptomatology during the applica-
tion of this technology. In order to be able to use and disseminate the efficacy of the 
use of IPLR in DES, it is essential to describe the effects it causes, and the improve-
ment perceived by the patients after the therapy. The epidemiological characteristics 
of DES, such as the factors that predispose to its development, are unknown in our 
environment. Variables such as age, sex, systemic diseases, including those of autoim-
mune origin (rheumatoid arthritis, Sjögren’s syndrome), diabetes, rosacea; ocular 
pathology: glaucoma, conjunctivitis; and to establish vulnerable groups that suffer 
from DES.

2.1 Definition

IRPL was traditionally used for the treatment of a variety of dermatological 
diseases such as rosacea. However, third-generation equipment was created specifi-
cally for periocular application with multiple homogeneously sculpted pulses, “It 
is the only IRPL device medically certified to treat GMD. Within its fundamental 
parameters, it includes an area to be treated of 7.5 cm2 with a wavelength between 580 
and 1200 nm, at temperatures ranging from -5°C to + 65°C” [3, 7].

2.2 Technical specifications

Features IRPL

Dimensions: length x width x height 345 x 320 x 440 mm

Weight: 11.5 kg

Packaging dimensions: length x width x height 740 x 460 x 610 mm

Packaging weight: 17.5 kg

Noise level: 55 dBA

Energy consumption: 540 VA
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2.3 Mechanism of action

Several hypotheses or effects of how the device works have been proposed.

• Heat stimulation of the MG, with the aim of altering the physical properties of 
the meibum inside, causes it to become increasingly fluid. However, this theory is 
not very well accepted, as the effect of intense light on the temperature increase 
in the eyelid may be modest and transient [6].

• Ablation of the small telangiectatic vessels around the eyelid decreases local 
inflammation by reducing the levels of inflammatory mediators reaching the MG. 
It also provides a hypoxic environment, which has been found to be beneficial to 
the gland [6].

• Elimination or reduction of the ectoparasite Demodex, which resides in the 
meibomian glands and consumes meibum secretions in patients who have rosa-
cea. In addition, the presence of the ectoparasite promotes a proinflammatory 
environment that affects the surface of the eyelid and then the eyeball. However, 
the Demodex exoskeleton could be vulnerable to the energy of the device, thus 
contributing to DES treatment [6].

• Photomodulation of the glands stimulates cellular activity, improving the micro 
and macro structure of the Meibomian glands. In addition, the modification 
would decrease the inflammation surrounding them [6].

• IRPL can stimulate the mitochondria in the tarsal plate, modifying their reagent 
production [6].

2.4 Method of application

• First, the entire region near the eyeball (lower and lateral skin) is cleaned, then 
both eyes are closed and a bilateral occluder is placed. Next, proceed to place gel 
all over the area where the treatment will be applied, starting from the temporal 
orbital region, inferior skin to the lower eyelids, and finally to the contralateral 
region [8].

• Then, five flashes should be applied, starting in the internal nasal region until 
reaching the temporal region, in both eyes, then the gel is removed from the 
face region and lidocaine in eye drops is instilled at the rate of one drop in both 
eyes. The examination is continued with the anterior biomicroscope and the MG 
expression is performed, previously applying topical anesthesia, located in the 
palpebral conjunctiva in the MG area, pressure is applied on the skin with the 
index finger close to the same gland to explore, for 30 seconds [8].

• The process should be repeated on both eyes and on the upper and lower eyelids. 
To do so, the patient should direct his gaze in a direction opposite to the eyelid 
being examined. Finally, the meibomian secretion located on the palpebral edges 
is cleaned [8].
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2.5 Research carried out

IRPL as management for DES is a new treatment that is revolutionizing ophthal-
mic medicine, therefore, the studies consulted to perform the comparison of results 
include research developed in European countries, pioneers in this area of health.

In the first study conducted by Toyos in 2015, the treatment was performed on 
78 patients (156 eyes) with dry eye syndrome (DES), caused by dysfunction of the 
meibomian glands (MGD), a statistically significant improvement in tear breakup 
time (TBUT) was observed from the beginning to the end of the treatment, 86% of 
the participants improved their TBUT in both eyes, in 9% no changes were evident 
and in 5% TBUT deteriorated in one of the eyes [4].

A second study conducted in 2020 by Vergés showed that 44 consecutive patients 
(88 eyes), ranging from 22 to 78 years, had significant improvements in single and 
total signs and symptoms. The most significant changes were seen in dryness, foreign 
body sensation, and pain. The OSDI questionnaire showed a significant decrease 
in total symptoms. The percentage of patients with a normal index improved from 
23.8% (10 patients) at baseline to 80.9% (34 patients) at the last visit, after 23 weeks. 
Clinical signs also improved, by more than 90%, with telangiectasia and blepha-
ritis standing out. No statistical differences were observed between age and sex. 
Clinical improvement started after the second and third weeks of IRPL application. 
Subsequently, the results remained stable until the last visit, after 11 weeks. No local, 
periocular, or systemic complications were reported [9].

In our study in Ecuador of 64 patients with diagnosis of DES, we performed three 
sessions of IRPL in the Exiláser Ophthalmologic Center. The majority of patients were 
male, a similar prevalence found in the study of evaluation of IRPL and the efficacy 
of meibomian gland expression in the relief of signs and symptoms by Dell, et al. 
with 58%, [10] unlike what was observed in the study conducted by Yun Tang et al. in 
2020, in which the prevailing sex was female [11].

The average age of our study was 56 years, being the most frequent patients 
older than 58 years, and the ages of the universe were from 25 to 79 years [11]. In 
the first investigation in which the effects of IPRL for DES were studied by Toyos, 
McGill, and Briscoe, they obtained that the most frequent range was from 21 to 
84 years, with a median of 54 [4]. In the work carried out by Yun Tang in order 
to study the main effects of IPRL, developed in China, the prevalent age range 
was from 23 to 86 years, with a median of 45 years [11]. In a review carried out 
in Mexico by Mendoza and Fortoul, they rightly mention that the prevalence of 
DES increases over the years, with 2.7% in people aged 18 to 34 years, to 18.6% in 
the population older than 75 years, justifying the higher percentage found in the 
 present study [12].

Patient’s profession is a variable that has also been related to the increased risk of 
DES, especially those who must remain for long periods of time in front of screens 
such as cell phones, telephones, and computers, among others, in addition, occupa-
tions that require exposure to toxic environmental factors such as carbon dioxide or 
carbon monoxide. In the course of the analysis of our research, it was found that most 
of the universe corresponds to other professions among which were drivers, health 
professionals, engineers, and architects, the same that are related to the established 
risk factors.

In the review carried out in Mexico, it was found that the permanent use of masks 
necessary to combat SARS-CoV-2 increases the risk of suffering DES, a preventive 
measure used in all the occupations mentioned [12]. In a study carried out in Cuba 
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by Diburnet et al. 42% of the patients read excessively, corresponding in the study to 
teachers and students; it was also mentioned that 34% were exposed to digital media 
without blinking [7].

Regarding personal pathological antecedents, it was evidenced that more than 
half of the patients did not report the presence of any underlying systemic disease. 
However, arterial hypertension, type II diabetes mellitus, and autoimmune diseases 
such as systemic lupus erythematosus and Sjögren’s syndrome were present. In 
addition, it was observed that a large percentage presented more than one particular 
pathology, among them thyroid disorders, especially hypothyroidism.

The risk factors established in several reviews for DES include systemic diseases, 
as indicated in the article by Rouen et al. published in 2018, in which autoimmune 
diseases, mainly Sjögren’s syndrome, and chronic conditions, such as thyroid disor-
ders, diabetes, rosacea, allergy, and conjunctivitis, are established as predisposing to 
the appearance of DES [2].

In a study conducted in Palestine during the period 2016 and 2017 by Shanti et al.; 
it was evidenced that 17% of the 769 participants reported having type II diabetes 
mellitus, while 20.9% reported having arterial hypertension [13]. It should be noted 
that the drugs used for these pathologies, such as antihypertensives, antihistamines, 
and diuretics, are factors associated with DES.

To finish with the personal history, in Ref. to the ophthalmologic, the reviewed 
bibliography mentions that surgeries or ocular lesions can influence the presence 
of DES [2]. The cases analyzed in our study did not have previous eye surgeries. 
However, ocular lesions were present, the most prevalent being a history of cataracts, 
followed by myopia and conjunctivitis.

DES significantly affects the daily lives of many people, especially in their daily 
activities. The main symptoms reported by patients who were seen at the Exiláser 
clinic during the period 2016–2021 were ocular pain, irritation on the ocular surface, 
and burning. The study conducted by Armas N. et al., in Cuba with a sample of 
103 patients, determined that the main symptom presented by patients was ocular 
dryness at 64.1% followed by a gritty sensation at 59.2% and itching at 33% [14]. The 
study conducted by Perez MV. et al. at the University of Caracas in the year 2000 
shows that the most frequent symptoms are ocular burning, foreign body sensation, 
and photophobia [15].

The results obtained show that the most prevalent sign was conjunctival hyper-
emia, followed by ocular dryness and irregularities of the palpebral edge, among 
which were trichiasis and telangiectasis, especially blepharitis. It should be men-
tioned that these signs decreased during the course of the IRPL sessions, the patients 
showed improvement in discomfort and it was demonstrated by the decrease in the 
irregularities of the palpebral rim.

The glandular expression before the IRPL sessions was predominantly granular/
lumpy, followed by nontransparent fluid. After the IRPL sessions, nontransparent 
fluid predominated, followed by clear transparent fluid. However, granular glandular 
expression persisted in some patients.

In previous years, established treatments for this syndrome only included artificial 
tears and eye drops, which lubricated the ocular surface, reducing tear osmolarity 
and decreasing inflammation. The components of these substances are hyaluronic 
acid, carmellose, and polyacrylic acid. Eyelid hygiene also helps to control DES, using 
lotions and gels without preservatives, in addition to the use of warm compresses 
and massages, which help in cleansing and favor glandular expression [16]. However, 
despite all the therapies, people with DES did not show significant improvement.
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In the article published in 2017 by Dell et al., which evaluates the efficacy of 
PLRI in relieving the signs and symptoms of DES due to meibomian gland dysfunc-
tion, they propose that the mechanism of action of this therapy is based on the 
transmitted energy ranging from 550 mm to 1200 mm, which is absorbed by the 
abnormal blood vessels and destroyed by thrombolysis [10]. The abnormal blood 
vessels, during the disease release inflammatory and proinflammatory substances, 
when they are destroyed, a large number of inflammation-causing substances 
decrease, which impairs the obstruction in the meibomian glands, being the main 
cause of DES.

Another hypothesis is the enhancement of the production of glandular expression, 
which decreases the bacterial load, especially mites (Demodex), after transferring 
heat to the eyelids and meibomian glands. In the study carried out by Miotto et al., 
they also mention that heat production destroys pigmented skin lesions, which has 
been the mechanism of action used in dermatological diseases such as rosacea, stating 
that the proposed mechanisms of action significantly increase the lipid levels of the 
lacrimal expression, which could increase the flow of secretion of the meibomian 
glands, and these effects would be cumulative, so that in the course of the three ses-
sions, ocular improvement would be presented with greater duration, unlike empiri-
cal treatments [17].

The above is reflected in the level of pressure that had to be exerted for glandular 
expression before and after treatment. There was a predominance of severe pressure, 
before completing the IRPL sessions, and moderate pressure, followed by mild pres-
sure after completing the treatment.

One of the most commonly used tools in the DES is the OSDI test, which evaluates 
12 items, and after the answers, the degree of affectation in the person’s daily life can 
be established. In this research, most of the participants presented a DES of moderate 
severity, followed by mild and finally a severe degree; the minority obtained a score 
lower than 12, similar results found in previously developed studies, for instance, the 
application of the OSDI test in Monterrey by Garza et al., in which they studied the 
prevalence, symptoms, and risk factors for diseases of the ocular surface, in the same, 
most of the participants, presented a score higher than 12.

The research conducted in 2015, by Gonzalez et al., aimed at validating the 
OSDI test, it states that it is reliable and its results are valid and reliable, it was 
performed on 132 people with a diagnosis of DES with an average age of 53 years 
[18]. In the present study, the OSDI test was used, to analyze the changes that occur 
after the sessions of IRPL. With respect to physical symptoms, the most prevalent 
was the sensation of a foreign body—grit, which was present almost all of the time, 
and the most frequent in daily activities was working in front of digital screens. 
Wind was the environmental factor that most affected the population. After the 
application of the PLRI, the symptoms decreased significantly, in agreement with 
the findings of the study by Miotto et al. [8], in which all 32 patients showed a 
decrease in the OSDI scale score.

The study conducted by Mejia et al. in 2019, in which they determined the effects 
of PLRI in 25 people with the use of visual symptom scales, determined the decrease 
in the score from an average of eight before the sessions to an average of three after 
the application of PLRI [19]. A research developed in Argentina in 2018, in order to 
describe the treatment and results obtained from the LPRRI in 100 cases of DES, used 
a scale from 1 to 10 that rated the health status perceived by the participants, before 
the treatment an average health score of seven was obtained and after the treatment it 
increased to eight [20].
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3. Conclusions

• The majority of the patients were male, older than 58 years, with an average age 
of 56 years. Within the occupations, the most prevalent was found in the other 
category, which included: health personnel, drivers, engineers, and architects, 
followed by retirees.

• Regarding personal history, the most prevalent were arterial hypertension, 
thyroid diseases, diabetes mellitus, and Sjögren’s syndrome, some of the patients 
presented more than one personal history. Among the ophthalmologic anteced-
ents, cataracts, glaucoma, and pterygium were the most common.

• The most common symptoms in people treated at the Exiláser Ophthalmology 
Center were ocular pain, burning, photophobia, and foreign body sensation. 
The most characteristic signs were conjunctival hyperemesis and ocular dryness, 
followed by irregularity of the palpebral rim and blepharitis, which decreased 
after the IRPL sessions.

• The results showed improvement in glandular expression and decrease in 
pressure exerted, from severe to moderate intensity. Before treatment, granular 
glandular expression predominated and afterward nontransparent fluid pre-
vailed, followed by clear transparent fluid.

• With the application of the OSDI test, it was found that the most common 
physical symptom during the day was foreign body sensation—grit, followed by 
photophobia. With respect to daily activities, the affectation was present dur-
ing exposure to digital screens. Finally, the predominant environmental factor 
was the wind. After the application of the IRPL, the symptomatology decreased 
considerably.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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