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This educational activity consists of a supplement and ten (10) study questions. The participant 
should, in order, read the learning objectives contained at the beginning of this supplement, 
read the supplement, answer all questions in the post test, and complete the Activity Evaluation/
Credit Request form. To receive credit for this activity, please follow the instructions provided 
on the post test and Activity Evaluation/Credit Request form. This educational activity should 
take a maximum of 1.5 hours to complete.

ACTIVITY DESCRIPTION
Dry eye disease (DED) is increasing in prevalence among people of all ages, and the use 
of digital devices is a major contributor to this trend. Diagnosis and treatment of DED is 
important to limit its deleterious consequences, which can include reduced visual function, 
decreased quality of life, and worse outcomes after cataract and refractive surgery. The desired 
results of this activity are for ophthalmologists to have a better understanding of the epidemiology 
of DED, screening techniques, advances in diagnostic testing, and approaches to individualized 
management.

TARGET AUDIENCE
This educational activity is intended for ophthalmologists.

LEARNING OBJECTIVES
Upon completion of this activity, participants will be better able to:
• Review the epidemiology of DED
• Recognize the quality of life burden of DED
• Select appropriate diagnostic tests for evaluating DED
• Review the implications of inflammation in DED on treatment
• Apply evidence of DED treatments for individualized care of patients
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INTRODUCTION
Beginning in early childhood and across the age spectrum, people 
are spending an increasing amount of time staring at digital device 
screens. Recently, a group of experts in corneal disease and cataract 
and refractive surgery gathered to review the effects of today’s digital 
device–based lifestyle on the epidemiology of dry eye disease (DED) 
and to share their insights on its implications for DED screening and 
management. This activity presents the highlights of their discussion.
 
DRY EYE DISEASE: EPIDEMIOLOGY
DED ranks as a leading cause for patients seeking eye care, and is a 
common problem according to results of published studies, which 
report its prevalence ranges from 5% to 50%.1,2 The wide variation 
in prevalence estimates of available research may be explained by 
differences in the criteria used to identify individuals with DED and 
also in the populations studied. 

A recent cross-sectional study of adults in the United States reported 
that approximately 16.4 million people had been diagnosed with 
DED.3 In an age-based analysis, DED prevalence was estimated to be 
2.7% among people aged 18 to 34 years and 18.6% among people 
aged ≥ 75 years, and it was almost twice as common in women as in 
men (8.8% vs 4.5%).3 DED is more common in Asians than in whites, 
in females than in males, and with increasing age.2-6 Considering 
historical data, the study findings supported the idea that DED 
prevalence is increasing in men and women in all age groups. Similarly, 
an increase in DED prevalence over time in all demographic groups 
was identified in a retrospective analysis of data collected between 2003 
and 2015.6

The cause for the rising prevalence is thought to be due in part to the 
increasing use of digital visual displays.2,7 Research shows associations 
between increased smartphone use and increases in both DED and 
meibomian gland dysfunction (MGD) in the pediatric population and 
between the use of visual display terminals and DED in adults.7-10

Dr Kim: Have you noticed a change over time in the demographic 
characteristics of the patients you are seeing with DED?

Dr Farid: I am in an academic practice at a university with a large 
undergraduate population. We are seeing a growing number of 
students with symptoms of DED, including eye discomfort, contact 
lens intolerance, and eye pain. I believe the transition from using 
hard-copy textbooks to electronic versions is a major reason for this 
trend. We are also seeing more older patients with DED; of these, a 
higher proportion have more severe disease, which I also believe may 
be a consequence of digital device usage. I do not regularly see younger 
children in my practice, but when I do see them, they usually have 
some concomitant issue, such as ocular allergy.
 
Dr Starr: I see patients aged ≥ 18 years in my practice and am amazed 
by the number of young adults I am seeing with DED. Many of 
these patients are students in graduate degree programs who are likely 
spending a lot of time reading on a digital device. Some have severe 
ocular surface disease (OSD), which makes me wonder at what age the 
problem started.This CME activity is copyrighted to MedEdicus LLC ©2020. All rights reserved. 214
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Dr Epitropoulos: The decreased blink rate and incomplete blinking 
that occur with digital device usage result in increased tear film 
instability, which is a core mechanism in the development of DED.11 
I am also seeing a growing number of patients of all ages with DED. 
This is partly because I am using newer modalities for diagnosis, 
including tear film osmolarity, the matrix metalloproteinase-9 
(MMP-9) assay, and meibography. In my experience, using a 
combination of these diagnostic point-of-care tests can help identify 
DED earlier than traditional diagnostic techniques.

Dr Kim: I recently witnessed a child who was approximately 2 years 
old who did not blink for up to 3 minutes while watching a video on a 
smartphone. It is possible to set screen-time limits for some digital devices, 
and some smartphones can report daily screen time. Perhaps in the future, 
we will be asking patients with DED to show us these types of data. 

Dr Epitropoulos: I suggest that patients with DED use an app that 
measures their device time. For those who have significant screen time, 
there are apps that provide reminders to blink and include education 
on how to perform blinking exercises and therefore minimize dry eye. 

Dr Kim: I also expect that children are not likely to complain about 
DED symptoms, and this raises questions regarding the need to 
educate pediatricians about the rising prevalence of DED in children 
and screening to allow early detection and intervention.

Dr Farid: I think it is essential for any eye care provider who sees 
children to have a heightened awareness of the problem and of the 
newer diagnostics, which are safe for use in the pediatric population. 
Point-of-care testing such as MMP-9 and tear osmolarity works well 
and is easy to use in the pediatric population.

BURDENS OF DRY EYE DISEASE
Mild to moderate DED affects visual function and can interfere 
with work performance, recreational activities, willingness to drive 
at night, and success with contact lens wear.12 The impact of severe 
DED on quality of life has ranked similar to that of severe angina and 
dialysis.13,14 DED also carries a huge economic burden, and has been 
estimated in the United States to be responsible for $3.8 billion in 
direct health care costs and $55.4 billion in indirect costs related to 
loss of work productivity.15 In relation to DED’s effect—particularly 
the effect of DED symptoms—on the workplace, work performance 
(presenteeism) and productivity are reduced by approximately 30%.16

Dr Kim: Do you assess the potential effects of DED on quality of life 
or daily activities when you screen patients for DED?

Dr Starr: When querying patients about symptoms, I always try to 
assess their severity and impact on life in general. Some patients will 
say they cannot work or leave the house. Others are obviously 
depressed because of the problems they are experiencing or their failure 
to find adequate treatment after seeing multiple other physicians. 
Currently, our screening questionnaire does not include any items 
specific to quality of life impact. 

To best help patients with DED, we have to understand the effects of 
their disease. The office visit can be lengthy, and some clinicians might 
dismiss patients with DED because they do not want to take the time 
needed for evaluation and counseling. Patients with DED may also be 

dismissed by clinicians who perceive them as complainers or as those 
shopping for someone who will complete the paperwork for a false 
disability claim. It is important to recognize that DED can cause real 
suffering.

Dr Farid: I also see patients who I know are experiencing a severe impact 
on quality of life according to their history and complaints. Patients say 
they have problems keeping their eyes open and being outdoors, and a 
fair number of them ask to have disability papers completed. Many of 
the latter need to work at a computer all day, but they are unable to do 
so because of DED-related discomfort and light sensitivity. 

DIAGNOSING DRY EYE DISEASE
Underdiagnosis of DED continues to be a problem. A proactive 
approach to screening and the use of newer diagnostic tools may 
increase recognition of DED and provide information to guide 
appropriate management.
 
Dr Kim: How does digital screen usage factor into your strategies for 
diagnosing DED?

Dr Farid: Excessive digital screen time in a patient’s history automatically 
puts that individual into a high-risk category for having DED and for 
disease progression, prompting point-of-care diagnostic testing.

Dr Epitropoulos: We have patients fill out a dry eye questionnaire and 
determine the need for point-of-care testing on the basis of their scores, 
but even those who are asymptomatic should be screened for signs of 
DED. I added a question about device screen time, and our technicians 
initiate DED testing for patients reporting as much as 5 hours a day of 
screen time. Testing for these patients includes meibography because 
of increasing evidence showing an association between digital device 
use and MGD.9,17 In fact, I am including meibography in my dry eye 
protocol because MGD has been observed in 86% of patients with 
DED.18

Dr Kim: Which of the traditional and more modern tools for DED 
diagnosis do you find most valuable in practice?

Dr Farid: Nothing takes the place of a thorough slit-lamp examination. 
An approach described in the American Society of Cataract and 
Refractive Surgery (ASCRS) Cornea Clinical Committee algorithm for 
the preoperative diagnosis and treatment of OSD represents a way to 
quickly examine the ocular surface for evidence of OSD.19 The steps are 
summarized by the mnemonic LLPP, which stands for: 
• Look at blinks, lids, lashes, and the interpalpebral surface
• Lift the superior eyelid and examine for signs of OSD
• Pull to identify lid laxity and to see into the fornices
• Push the meibomian glands (MGs) to assess meibum quality and flow

I also measure tear breakup time (TBUT) with fluorescein to assess 
tear film stability. I augment the clinical examination with tear film 
osmolarity; the MMP-9 assay, which is done prior to instilling drops; and 
meibography. I like those newer modalities because they provide objective 
diagnostic information that helps patients understand they have DED, 
which makes them more likely to accept and comply with treatment.

We also have the platform that does meibography and includes a 
noninvasive TBUT and Objective Scatter Index, which is a measure 
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of intraocular scattering. We stopped using the platform for logistical 
reasons because it is located in a room outside of the usual patient 
workflow area. Another commercially available multimodal platform 
that we do not have provides noninvasive TBUT, tear meniscus height, 
lipid layer analysis, topography, and meibography.

Dr Starr: The newer tools that I use include tear film osmolarity and 
the MMP-9 assay, both of which have a higher positive predictive value 
than some traditional tests used to diagnose DED (Table 1).20-27 I also 
use meibography. I think noninvasive TBUT is a great test, but I do 
not yet have access to a device with that function yet. 

Some clinicians believe the slit-lamp examination is all that is needed 
to diagnose DED, and it is an important component. I find, however, 
that the objective tests add to my understanding of the cause of a 
patient’s OSD, and they are helpful in educating patients. For example, 
even with moderate MGD, patients may be asymptomatic and 
therefore might not accept that they have a problem needing treatment. 
The diagnosis and importance of intervention to preserve function of 
the remaining glands resonates with them if they see a comparison of 
their meibography image with that of a healthy lid.

Dr Epitropoulos: Because of both its diagnostic use and its value for 
patient education, I believe meibography has been a game-changing 
tool. All the newer point-of-care tests can be used as a tool, but 
in conjunction with traditional testing and a thorough slit-lamp 
examination.

Dr Kim: Several groups, including the Tear Film and Ocular Society 
Dry Eye WorkShop II (TFOS DEWS II), ASCRS Cornea Clinical 
Committee, and Cornea, External Disease, and Refractive Society 
(CEDARS), have issued guidelines and algorithms for the evaluation 
and management of DED.19,28-30 Which of these are you using for 
screening and diagnosis?

Dr Starr: I think they can all be used together because they are 
complementary. The TFOS DEWS II algorithms are designed to 
identify patients primarily with DED, to determine DED subtype and 
severity, and to guide treatment on the basis of these 2 factors.29,30 The 
ASCRS Preoperative OSD algorithm is specifically geared to identify 
and treat visually significant OSD in patients undergoing any kind of 

cataract and refractive surgery.19 The CEDARS paper provides a great 
overview of the different subtypes of what it refers to as dysfunctional 
tear syndrome, features of the various subtypes, and how to make 
the differential diagnosis.28 The report is very useful in that regard 
because most patients have multiple issues and subtypes of OSD. The 
CEDARS paper also outlines treatment approaches tailored to disease 
subtype and severity. 
 
Dr Epitropoulos: I agree that all the algorithms have benefits. I think 
they should be used as organizational tools to aid treatment decisions 
rather than being followed in a rigid, stepwise manner. 

Dr Farid: I agree that clinicians should be aware of the approaches 
outlined by all 3 groups and what they provide for guiding diagnosis 
and management.

Dr Kim: Do you think that the newer diagnostic tests and algorithms 
are improving or increasing DED diagnosis?

Dr Farid: I believe most cataract surgeons recognize that the condition 
of the ocular surface affects outcomes with premium intraocular 
lenses (IOLs). I think that advances in DED diagnostics are leading to 
increased DED diagnosis, which is driving growth of premium IOL 
use. At the same time, the growth in premium IOL options is driving 
surgeons toward increased DED diagnosis.

Dr Epitropoulos: I believe the ASCRS algorithm has had a positive 
impact on the practice pattern of cataract surgeons, but DED is still 
underdiagnosed and undertreated.

DRY EYE DISEASE TREATMENT
The availability of more therapeutic options might also be stimulating 
increased efforts to diagnose DED. For a long time, only cyclosporine, 
0.05%, emulsion was available. Current options include lifitegrast, 5%, 
solution—a novel integrin antagonist31—and cyclosporine, 0.09%, 
which is formulated in an aqueous-based solution using nanomicellar 
technology to increase cyclosporine bioavailability.32 

Active research is identifying new treatments for DED. Loteprednol, 
0.25%—formulated in mucus-penetrating particle technology that 
increases loteprednol bioavailability—is being investigated in a phase 3 
study as therapy for DED.33,34 Preliminary results of the study reveal 
statistically significant improvements in the primary efficacy end points 
of ocular discomfort severity at day 15 in the overall intent-to-treat 
population (P = .0002) and the predefined subgroup of intent-to-treat 
patients with more severe discomfort at baseline (P = .0007).34 Other 
novel treatments are in phase 3 studies. NOV03 (perfluorohexyloctane) 
is a lipid layer stabilizer that is being investigated for treating MGD.35 
A phase 2 trial showed improvements in corneal staining at 8 weeks and as 
early as 2 weeks with twice-daily and 4-times-daily dosing of NOV03.36 A 
trial evaluating twice-daily OC-01, an intranasal spray formulation of the 
nicotinic acid agonist varenicline, met its primary end point of percentage 
of patients gaining ≥ 10 mm in Schirmer score at week 4 (N = 758). 
Compared with 26% of control patients, 44% of patients receiving 
OC-01 0.6 mg/mL and 47% of patients receiving OC-01 1.2 mg/mL 
gained ≥ 10 mm (P < .001).37 OC-01 was well tolerated, with transient 
sneeze being the most commonly reported adverse event.

Dr Kim: Have treatment advances influenced your management of 
DED in the digital age? 

Table 1. Diagnostic Performance of Traditional and Advanced Modalities for Identifying 
Dry Eye Disease

Abbreviations: MMP-9, matrix metalloproteinase-9; NA, not available; PPV, positive 
predictive value; TBUT, tear breakup time.

Test Sensitivity, % Specificity, % PPV

Schirmer I < 10 mm20 83 68 31
TBUT < 10 s20 72 62 25
Rose bengal staining20 25 90 31
Tear meniscus height
≤ 0.35 mm20 93 67 33

Osmolarity
> 308 mOsm/L21-24 75-95 88 89

MMP-9 ≥ 40 ng/m25 85 94 97
Conventional Sjögren 
biomarkers26 40-60 40-60 NA

Lipid layer thickness 
≤ 60 nm27 48 90 NA

New Sjögren markers26 91 80 NA
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Dr Farid: I expect that patients with a digital device–based lifestyle 
who have symptomatic DED are going to need long-term treatment. 
Results from a large phase 3 study program showed that lifitegrast had 
impressive activity for rapidly improving DED symptoms and a good 
safety profile during long-term use of up to 1 year.38,39 In the OPUS-3 
trial, patients receiving lifitegrast experienced improvement in signs and 
symptoms of DED as early as within 2 weeks of treatment initiation.40 
The most common adverse events were mild to moderate instillation-site 
irritation and instillation-site reaction. According to this evidence and the 
convenient twice-daily dosing regimen of lifitegrast, I have a low threshold 
for starting lifitegrast in patients with digital device–related DED. 

Dr Starr: I believe that inflammation is present whenever 
DED is related to digital device use, and I routinely prescribe 
immunomodulatory treatment in patients with this history. Because 
access to a particular medication can vary depending on the patient’s 
insurance plan, it is very helpful to have several options available. 

The investigational loteprednol product is exciting. Even with 
maintenance immunomodulatory treatment, DED exacerbations 
or flare-ups are not uncommon. Although topical corticosteroids, 
particularly fluorometholone or one of the available loteprednol 
preparations, are widely used in this setting, none are yet indicated 
specifically for treating DED or DED flares. 

Dr Epitropoulos: I use a topical immunomodulatory agent, either 
lifitegrast or one of the cyclosporine products, to treat patients with 
signs of inflammation or aqueous deficiency. In a phase 3 trial, the 
nanomicellar formulation of cyclosporine, 0.09%, was associated with 
statistically significant improvements (P < .001) in Schirmer score 
within 3 months.32 With cyclosporine emulsion, 0.05%, improvements 
in Schirmer score and corneal staining were observed within 6 months 
in phase 3 trials.41 Like lifitegrast, the cyclosporine products can cause 
burning upon instillation. In addition, I address MG obstruction using 
a nutritional supplement, thermal pulsation device, and/or intense 
pulsed light. Because inflammation is a contributing factor to MGD, 
I will often use an immunomodulator to treat this condition. 

An omega-3 nutritional supplement is a mainstay for treatment of 
DED in my practice. Although the results of the DREAM (Dry Eye 
Assessment and Management) study were controversial, showing no 
benefit vs the olive oil comparator agent, patients using the omega-3 
supplement in the study had significant improvements from baseline in 
both signs and symptoms.42 Furthermore, we published a study showing 
that a high-quality triglyceride-based omega-3 supplement improves 
tear osmolarity, DED symptoms, TBUT, and MMP-9 and the omega-3 
index results.43 In addition, a meta-analysis that reviewed data from 
more than 3300 patients across 17 studies, including DREAM, showed 
a statistically significant improvement in dry eye signs and symptoms in 
those taking an omega-3 supplement vs placebo.44

CASE-BASED DISCUSSIONS

Case 1: Digital Device–Related Dry Eye Disease in a 
Young Adult Patient
From the Files of Alice T. Epitropoulos, MD

A 24-year-old female presented with complaints of fluctuating vision, 
especially toward the end of the day; burning eyes; tearing; foreign 
body sensation; and contact lens intolerance. She is a graduate 

student who spends approximately 8 hours a day looking at a digital 
device screen. Findings on evaluation include a SPEED (Standard 
Patient Evaluation of Eye Dryness) score of 20, tear osmolarity of 
295 mOsm/L OD and 324 mOsm/L OS, unstable tear film based 
on irregular placido rings and TBUT of 2 seconds, positive MMP-9 
test result, punctate epithelial erosions (PEEs), cloudy meibum that is 
difficult to express, and advanced MG atrophy (Figure 1).

  

Discussion
Dr Epitropoulos: One of the main messages from this case is to be 
aware that more younger patients are developing MGD that appears to 
be related to digital device use. Furthermore, patients with significant 
MG loss may be asymptomatic. Failure to diagnose and manage 
MGD in its earliest and most treatable stages can lead to chronically 
compromised health of the ocular surface. 

The current consensus in the literature is that once MGs have 
atrophied, they cannot be reactivated or regenerated. We presented 
results that showed visible gland structure may increase after thermal 
pulsation treatment at the 2019 Annual Meeting of ASCRS.45 Our 
analysis also suggested that the absence of visible gland structure when 
imaged with infrared light may not always indicate absolute atrophy 
or loss of function; it may indicate loss of activity. Therefore, it is 
important to evaluate MGD in patients with high screen time and to 
intervene early. 

Dr Starr: I have seen some patients with advanced MG damage who are 
angry that their primary eye care provider did not identify their problem 
earlier. Therefore, it is also a potential liability issue for providers who are 
not screening for MGD and DED and intervening early. 

Dr Kim: We should also be educating our colleagues about referring 
young patients who have recurrent chalazia and styes. I believe these 
patients probably have anatomic abnormalities that are causing their 
lid problems; if these are not addressed, the patients are at risk for 
progressing MGD that can lead to the type of extensive damage seen 
in this case.8

Case Continued 
Treatment was initiated with a multimodal strategy for MGD that 
included microblepharoexfoliation followed by thermal pulsation; an 
omega-3 supplement; lipid-based artificial tears; cyclosporine, 0.09%; 
and lid hygiene. In addition, the patient was educated about the 

Figure 1. Diagnostic images 
show advanced meibomian gland 
atrophy (A) and evidence of 
an unstable tear film based on 
irregularity of placido rings (B)
Images courtesy of Alice T. 
Epitropoulos, MD

A 

B
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association between DED and excessive digital device 
use and instructed on blinking exercises, taking 
periodic breaks from screen time, and using glasses 
or a screen protector to reduce blue-light exposure.

After 8 weeks, the patient’s SPEED score improved 
to 7 and she reported less burning, less tearing, and 
greater comfort while wearing her contact lenses. 
Tear osmolarity was normal in both eyes, and the 
MMP-9 test result was negative. Corneal staining 
showed only trace PEEs, TBUT increased to 
8 seconds, and MG score was improved. 

Discussion
Dr Epitropoulos: The goals for treating this patient 
were to stabilize the tear film, reduce inflammation, 
and maintain function of the remaining MGs. 
Multiple options target the MGs, including 
devices that deliver heat and pulsation or massage 
the glands, mechanical debridement, and intense 
pulsed light treatment. In this case, I used a thermal 
pulsation device to relieve MG obstruction.

In our practice, we have a handout with 
posttreatment instructions for patients who had 
thermal pulsation or intense pulsed light treatment. 
All the medications and nonpharmacologic 
strategies that might be recommended are listed 
along with directions for use, and there is a 
checkbox for identifying those that the patient has 
been instructed to use (Figure 2).

Dr Farid: I believe it is important to be aggressive 
in treating MGD in younger patients because I 
suspect they will not adhere to an at-home lid 
hygiene regimen. Therefore, I always try to do an 
in-office procedure to relieve MG obstruction. Figure 2. Posttreatment instructions provided to patients as recommended by Alice T. Epitropoulos, MD

Abbreviation: IPL, intense pulsed light.

Dr Starr: When doing thermal pulsation treatment, I first perform 
microblepharoexfoliation to mechanically remove keratin, scurf, 
collarettes, and bacterial biofilm from around the MG orifice.

Dr Kim: There is evidence that microblepharoexfoliation may help 
treat MGD by decreasing biofilm formation on the eyelid margin.46,47

Dr Epitropoulos: We performed a retrospective analysis of 
177 patients with OSD who were treated with microblepharoexfoliation 
and found improvement in TBUT and dry eye symptom scores.48 
I believe that using a high-quality omega-3 supplement is helpful 
for improving meibum quality. I also recommend a lipid-containing 
artificial tear that helps stabilize the tear film. In addition, I discuss 
with patients who spend a lot of time in front of a computer about the 
importance of taking breaks and blinking. I consider these measures 
“physical therapy” for the eye. 

Dr Kim: I like the idea of using that term physical therapy because 
it is a familiar term and concept, especially in the area of orthopedic 
injuries. I think patients understand that physical therapy can have a 
role in helping with recovery; then, they will have a mindset that they 
should be doing things to manage their condition in addition to 
using medications.

Dr Starr: Prolonged use of digital screens can result in a constellation 
of eye and vision-related problems that are collectively termed 
computer vision syndrome or digital eye strain.11 The 20-20-20 rule, 
which instructs people to look away from the computer every 
20 minutes for 20 seconds or more at an object that is at least 20 ft 
away, is often recommended as a preventive strategy. The 20-20-20 rule 
helps reduce the accommodative stress and eye strain associated with 
digital device use, but it does not address the dry eye that can develop 
with prolonged digital screen use. Therefore, I talk to patients about 
my modification, dubbed the 20-20-20-20 rule, which includes closing 
the eyes for 20 seconds as an added last step. I also suggest they keep a 
bottle of an ocular lubricant next to their screen as a reminder to blink 
more, to take breaks, and to use the drops as needed for symptoms. 
In addition, I recommend massaging the eyelids or doing forced blinks 
periodically because those maneuvers will stimulate meibum release, 
help stabilize tears, and reduce evaporation when the blink rate decreases. 

Dr Kim: An interesting study evaluating blinking, tear film, and 
corneal-staining characteristics found that computer use was associated 
with a greater negative impact than was smartphone use (Table 2).49

Dr Starr: The explanation might have to do with differences in head 
position when using various devices and screen sizes. For instance, 
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most patients look down at their smartphones, which potentially 
decreases ocular surface exposure because of the lower position of the 
upper lid in downgaze. This is contrary to computer use, in which the 
head position (along with the upper lid) is typically higher, potentially 
increasing the area of ocular surface exposure.

Dr Kim: Do you think blue-light emission plays a role?

Dr Epitropoulos: Prolonged use of digital devices—including tablets, 
computers, and smartphones—increases exposure to blue light that 
can result in eye strain, blurred vision, and headaches. Blue light has 
been reported to induce inflammation of corneal epithelial cells and to 
decrease corneal epithelial cell survival, thereby contributing to DED.50 
A Blue Light Summit held in 2019 identified dry eye along with sleep 
disruption, digital eye strain, retinal toxicity, mood disorders, impaired 
cognitive performance, and accelerated aging as potential hazards of 
blue-light emission.51 

However, short-term exposure to blue light from normal digital 
displays presents minimal risk.50 Nevertheless, a resolution was passed 
in California encouraging people, especially children, to reduce blue-
light exposure by taking protective safety measures.52 

Dr Kim: Some patients ask whether blue light–blocking glasses help 
alleviate eye strain. What are your thoughts on limiting exposure to 
blue light as a strategy for ocular surface health?

Dr Starr: Everyday real-life exposure to blue light from digital devices 
is likely not damaging to the retina or lens over long periods of 
time.53 Excessive blue light may interrupt circadian rhythms and sleep 
patterns54,55; therefore, it may be beneficial to limit blue-light exposure 
at night. One way to do this is to turn off or dim the emittance of 
blue pixels on the screen, which can be done automatically with 
some devices (eg, using the night-shift mode on Apple devices). 
It is important not to create panic over blue-light exposure and to 
remember that the largest source of our daily blue-light exposure is 
the sun, not phones or computers. Blue light is also found in light 
emanating from light bulbs and candles. 

Dr Kim: The effect of blue-light blocking on circadian rhythms was an 
issue that arose with the introduction of IOL materials containing blue 
light–blocking chromophores.56 Anecdotally, I have not heard about 
sleep complaints from any of my patients with those IOL implants.

Case 2: Dry Eye Disease in a Patient Needing 
Cataract Surgery
From the Files of Christopher E. Starr, MD, FACS

A 74-year-old female presented for her preoperative cataract surgery 
visit 1 week before the scheduled date for the procedure. Keratometry 
data obtained using keratometry, optical biometry, and topography 
were not consistent with one another, and topography images showed 
some mild irregular astigmatism in a pattern that is typical for OSD. 

The patient had a total score of 23 on the SPEED II preoperative OSD 
questionnaire, and she checked 16 of 18 red flags for visually significant 
OSD (Figure 3). She also reported fluctuating vision, frequent use 
of ocular lubricants, blepharitis, itching, and contact lens wear. The 
patient identified herself as a perfectionist and indicated interest in 
spectacle independence and a multifocal IOL.

Further diagnostic testing showed tear osmolarity values of  
343 mOsm/L OD and 332 mOsm/L OS, positive MMP-9 test result 
OU, and significant MG dropout on meibography. 

The LLPP examination result and vital dye staining showed anterior 
blepharitis, MGD with very poor MG expression, rapid TBUT, 
conjunctivochalasis and papillae, low tear meniscus height, inferior 
PEEs, and severe floppy eyelids (Figure 4).

The patient was diagnosed with visually significant OSD. She was 
started on treatment, including lid hygiene, omega-3 supplementation, 
topical azithromycin, topical loteprednol, and lifitegrast, and had 
in-office microblepharoexfoliation followed by thermal pulsation. She 
was instructed to return for reevaluation after 2 to 4 weeks. 

Discussion
Dr Epitropoulos: It is important to identify and treat DED in patients 
needing cataract or refractive surgery because this disease is a leading 
cause of patient dissatisfaction after these procedures.57,58 DED affects 
not only visual function and patient comfort, but also affects the 
measurements used for surgical planning. For example, we reported 
that tear film hyperosmolarity was associated with higher variability 
in keratometry readings and showed how it affected IOL power 
calculations.59 More recently, John Hovanesian, MD, Eric Donnenfeld, 
MD, and I conducted a study of approximately 100 patients with 
cataract and DED, looking at the effect of treating the ocular surface 
on accuracy of preoperative biometry.60 We found that preoperative 
treatment with lifitegrast for significant DED in patients needing 
cataract surgery significantly improved the accuracy of our predicted 
refractive outcomes and higher-order aberrations.

Dr Starr: According to results of ASCRS Clinical Surveys, most 
surgeons seemed to be aware that untreated DED could have a negative 
effect on outcomes of cataract and refractive surgery, but only a small 
minority were using modern tests (eg, osmolarity and MMP-9) and 
advanced treatments (eg, anti-inflammatory treatments and thermal 
pulsation) to diagnose and manage DED preoperatively.19 The ASCRS 
algorithm was developed to address this gap, and this case illustrates the 
algorithm in action.

The initial evaluation is done by the technician and begins with 
administration of the ASCRS SPEED II Preop OSD questionnaire. 

Table 2. Summary of Reported Impact of Smartphone and Computer Use on Blinking 
and the Ocular Surface49

Blinking and 
Ocular Surface Smartphone Use Computer Use

Blinking

    Rate Decreases, increases, and no 
change reported Decreases

    Amplitude Insufficient data Decreases
Tear film

    Volume Both increases and no 
change reported Decreases

    Stability Decreases and no change 
reported Decreases

    Composition Insufficient data and no 
change reported

Increases osmolarity, 
decreases mucin, increases 
inflammatory mediators

Corneal staining Insufficient data Increases and no 
change reported
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emulsion and lifitegrast were available when the ASCRS algorithm was 
created, and the committee recommended lifitegrast for first-line use 
because it could have an advantage of faster efficacy compared with 
cyclosporine.

Depending on its severity, patients with visually significant OSD 
are treated aggressively, often with a combination of prescription 
medications and procedural treatments. Then, they are asked to return 
after a minimum of 2 to 4 weeks to undergo reevaluation according 
to the algorithm.19 It is important to explain to patients the reason 
for delaying their procedure, if necessary. Surgery scheduling and 
preoperative measurements are done only when the OSD is deemed no 
longer visually significant and unlikely to affect surgical outcomes and 
patient satisfaction.

The patient in this case had highly symptomatic, visually significant 
OSD and high expectations for her visual outcome and spectacle 
independence. Therefore, her surgery was delayed and she was started 
on aggressive multifaceted treatment for her OSD.

Figure 3. Ocular surface disease questionnaire18 of the patient in Case 2 that was completed at the preoperative visit

Figure 4. Slit-lamp images show anterior blepharitis (A), a low tear meniscus height, corneal 
punctate epithelial erosions (B), and rapid tear breakup time (C) 
Images courtesy of Christopher E. Starr, MD, FACS

A 

B C

This questionnaire is built on the validated SPEED 
questionnaire, but has additional questions to 
help determine non-DED subtypes of OSD, the 
visual significance of OSD, and potential infection 
risk.19 In addition, we borrowed questions from 
Dr Steven Dell’s Cataract and Refractive Lens 
Exchange Questionnaire, which focuses on patient 
goals, willingness to pay out-of-pocket fees, and 
personality self-assessment.61 

The technician reviews the questionnaire and 
tallies the total SPEED score and the number of 
checked red boxes that are considered red flags 
for needing preoperative treatment of OSD.19 A 
SPEED score of 28 and 18/18 checked red boxes 
are the worst-case scenario. 

Next, the technician obtains noninvasive refractive 
measurements and performs tear osmolarity 
and MMP-9 testing to identify signs of OSD.19 
All these tests should be done before any drops 
are put in the eye. Other objective tests, including 
meibography, lipid layer thickness, and noninvasive 
TBUT, are considered optional according to the 
ASCRS algorithm.

Then, the LLPP (look, lift, pull, push) examination 
is done by a clinician, followed by vital dye 
instillation to look for ocular surface staining and 
TBUT.19 The collective findings will determine 
whether the patient has OSD and if it is visually 
significant. OSD that is not visually significant 
is discussed with the patient and prophylactically 
treated, and then scheduled surgery can proceed 
as planned. Because OSD often worsens following 
surgery, topical immunomodulators are a 
reasonable treatment to begin prior to surgery in 
patients with DED. Only cyclosporine, 0.05%, 
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Case 3: Dry Eye Disease With Multifactorial Etiology
From the Files of Marjan Farid, MD

A 62-year-old female presented with worsening redness, light 
sensitivity, and irritation. She had been in soft contact lenses for 
30 years and was used to wearing the lenses all day and occasionally 
would sleep without removing them. The patient now reported having 
to reduce the daily wear time, which was frustrating for her. She had 
an active lifestyle and served on multiple committees and boards in her 
community, which required her to view a screen for 6 to 8 hours per 
day. She had rheumatoid arthritis, which was diagnosed 1 year ago and 
controlled with methotrexate.

The patient reported trying multiple different artificial tears and 
contact lens rewetting drops without benefit, along with occasional use 
of an over-the-counter allergy drop for watery, itching eyes, but noted 
they had not helped recently. Examination results showed significant 
PEEs (Figure 5) and perilimbal/conjunctival injection. Ocular surface 
vital dye staining revealed mild epithelial dysplasia. Tear osmolarity was 
319 mOsm/L OD and 310 mOsm/L OS, the MMP-9 test result was 
strongly positive, and she had mild MGD.

The patient was treated with loteprednol, 0.5%, gel, tapered over 
1 month, and twice-daily lifitegrast. She was asked to decrease her 
hours of contact lens wear and switch to a daily disposable product, 
and was started on lid hygiene at home using hot compresses. 

 

Discussion
Dr Farid: Multiple endogenous and exogenous factors that cause 
irritation, inflammation, or that affect tear film quality or quantity are 
triggers for DED development or exacerbation (Figure 6). The 
patient in this case has triggers acting through all of these mechanisms. 
She has irritation from the environment, her contact lenses, and 
medications and inflammation associated with her rheumatoid 
arthritis, and her tear film quality and quantity are reduced because 
she is postmenopausal and has MGD. 

Contact lens wear, in particular, causes irritation and can lead to 
chronic inflammation. This factor can be associated with frequent 
exacerbations of comorbid DED and can also result in giant papillary 

conjunctivitis or even mild limbal stem cell deficiency.62 One of the 
challenges for managing this patient was that she was reluctant to take 
a contact lens holiday.

 
Dr Epitropoulos: Discontinuing contact lens wear is critical to allow 
the cornea to heal, and patients may be encouraged to cooperate by 
reiterating to them the seriousness of their condition. Patients with 
punctate epitheliopathy or other signs of damage to corneal tissue that 
do not respond to traditional treatments may be candidates for a scleral 
contact lens because the device does not touch the cornea, instead 
bathing it continuously with preservative-free saline. Such a lens may 
not only be therapeutic for this patient’s DED, but may also help 
improve her quality of life.

Dr Starr: We work closely with optometrists in our group to manage 
patients whose DED is associated with contact lens wear. I leave it up 
to the optometrist to decide whether the patient needs a refitting or 
should be in a rigid gas permeable lens or a scleral lens. 

Dr Kim: Epithelial dysplasia, which was probably seen in this patient, 
can be an early sign of limbal stem cell deficiency.63 Consequently, I 
would expect that the patient might need to stop wearing her contact 
lenses for a long time and may require a scleral lens instead. 

Dr Farid: I insist that patients stop wearing soft contact lenses if they 
have signs of limbal stem cell deficiency because soft contact lenses 
create a hypoxic environment for the limbus that can be disastrous. 

Dr Epitropoulos: Cryopreserved amniotic membrane could be 
considered as another treatment option for this patient. Cryopreserved 
amniotic membrane creates a fetal-like environment that promotes 
corneal healing through its anti-inflammatory, antifibrotic, 
antiangiogenic, and antimicrobial properties. In addition, this patient’s 
DED was associated with a systemic inflammatory disease. When 
patients have that type of comorbidity, it is important to collaborate 
with the physician who is treating the systemic condition to ensure it is 
well controlled.

Case Continued 
At a return visit after 2 months, the epithelium was significantly 
smoother, symptoms were improved, and there was no conjunctival 

Figure 5. Image from slit-lamp examination with blue cobalt light after 
fluorescein instillation shows punctate keratitis in the patient in Case 3
Image courtesy of Marjan Farid, MD

Figure 6. Dry eye disease can be triggered by multiple endogenous and 
exogenous factors that act through 3 basic mechanisms that interact with one 
another in a vicious cycle that perpetuates the condition. Factors in red are those 
attributed to the patient in Case 3.
Image courtesy of Mark S. Milner, MD

Environment
Medications
Contact Lens
Surgery

Rheumatoid Arthritis
Lupus
Sjögren Syndrome
Graft-vs-Host Disease
Allergies

Postmenopause
Meibomian Gland 
Dysfunction

Irritation Inflammation

Tear
Deficiency/
Instability

Symptoms of Ocular Surface Disease



10

injection, but the MMP-9 test result was still slightly positive. 
The patient was switched to daily disposable contact lenses, with 
instructions to remove them when she gets home at the end of the day. 
She was also started on an omega-3 fatty acid supplement and told 
about using a pulse of the topical corticosteroid for an exacerbation. 
The patient was also told to continue using the lifitegrast for long-term 
management of inflammatory DED. She was instructed to return every 
3 to 4 months for follow-up until her symptoms were well controlled.

Discussion
Dr Farid: This patient needed aggressive treatment of her 
inflammation and remained on anti-inflammatory medication for her 
DED. I will often use both cyclosporine and lifitegrast in patients with 
a systemic inflammatory disease such as rheumatoid arthritis or Sjögren 
syndrome, although, to my knowledge, there is no evidence base to 
show a benefit of concomitant use. I will also add a short-term pulse 
of topical corticosteroid treatment during exacerbations. Because the 
patient still had a positive MMP-9 test result, would anyone consider 
adding cyclosporine to the lifitegrast? 

Dr Kim: As evidenced by this case presentation, some patients 
have multiple risk factors for inflammatory DED that require more 
aggressive approaches, including off-label and combination therapies. 
I have used combination topical lifitegrast and cyclosporine therapy 
successfully with a twice-daily regimen that has been effective at 
controlling ocular surface inflammation. As the condition improves, 
I typically taper back down to one of these medications on a 
maintenance dosing regimen.

Dr Starr: In autoimmune patients with chronically elevated ocular  
surface inflammation as measured by the MMP-9 test, I do the 
same thing as does Dr Farid. If twice-daily immunomodulation with 
cyclosporine or lifitegrast is not enough, I, too, will either use both 
medications twice daily or increase one medication to 4 times per day 
(off-label) in an effort to reduce the need for intermittent pulses of 
topical corticosteroids.

Dr Epitropoulos: I have found that combination therapy is beneficial 
in some patients. Cyclosporine and lifitegrast affect T cells in different 
ways. Cyclosporine acts by inhibiting T cell activation, whereas 
lifitegrast is thought to inhibit active T cells that are already present 
at the ocular surface as well as the migration and activation of new 
T cells.64-66 Therefore, these 2 agents may be synergistic.

TAKE-HOME POINTS
• Digital device use is contributing to an increasing prevalence of 

DED in both children and adults
• DED can have a significant negative effect on daily function and 

quality of life
• Screening for DED might include a question to identify prolonged 

digital device use
• DED should be identified and treated prior to cataract and refractive 

surgery because this disease affects surgical outcomes and patient 
satisfaction

• New algorithms from ASCRS, CEDARS, and TFOS DEWS II 
provide useful guidance on the diagnosis and management of DED

• Treatment of DED is tailored to its subtype, underlying causes, and 
severity, and must consider the presence of inflammation and its role 
in DED progression
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1. The reported prevalence of DED:
 a. Ranges from 5% to 50%
 b. Is greater in males than in females
 c. Is greater in whites than in Asians
 d. Is increasing in adolescents, teenagers, and young adults, but not  
  in older populations

2. Digital device usage is being attributed as a cause for increased  
 prevalence of DED in:
 a. Children
 b. Men
 c. Women
 d. All the above

3. Compared with the direct health care costs of DED in the United  
 States, the indirect costs of DED resulting from loss of work  
 productivity are ___________________.
 a. Greater
 b. Lesser
 c. Approximately the same
 d. Unknown 

4. Compared with severe angina and dialysis, how has the effect on  
 quality of life of severe DED ranked?
 a. Greater
 b. Lesser
 c. Approximately the same
 d. Unknown

5. According to recommendations of the ASCRS algorithm, which  
 diagnostic modality should be done routinely to screen for signs of  
 OSD in a patient who is scheduled for refractive surgery?
 a. Lipid layer thickness
 b. Meibography
 c. MMP-9
 d. Noninvasive TBUT

6. Untreated DED in a patient undergoing cataract surgery can affect  
 the visual outcome after implantation of a _______________ IOL.
 a. Monofocal
 b. Multifocal
 c. Toric
 d. Any

7. Which therapy for DED does NOT target inflammation?
 a. Topical cyclosporine
 b. Topical lifitegrast
 c. Topical loteprednol
 d. Topical perfluorohexyloctane (NOV03)

8. The 20-20-20 rule may be recommended to patients who spend a  
 lot of time working at a computer. Which of the following is NOT  
 one of the recommended steps?
 a. Look away every 20 minutes
 b. Look at an object 20 ft away
 c. Look away for 20 seconds
 d. Blink repeatedly for 20 seconds

9. A patient presents for her preoperative visit prior to cataract  
 surgery. She is evaluated using the ASCRS algorithm for diagnosing  
 OSD and is determined to have visually significant OSD.   
 Treatment is initiated with a topical corticosteroid and topical  
 lifitegrast. According to the ASCRS algorithm, what should the  
 patient be told about her next scheduled appointment?
 a. She can return for surgery as planned
 b. She should call for an appointment when she notices   
  improvement in symptoms
 c. She can return for reevaluation after 2 to 4 weeks
 d. She has to wait at least 1 month before returning for reevaluation 

10. In the DREAM study, treatment with an oral omega-3 nutritional  
 supplement significantly improved signs and symptoms of DED  
 compared with ________________.
 a. Baseline
 b. Artificial tears
 c. Oral olive oil
 d. None of the above
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