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Abstract
Objectives: This survey study of ophthalmologists investigated the prevalence and clinical manifestations of ocular surface disease (OSD) in glaucoma
patients, assessment methods used, risk factors, glaucoma drugs considered responsible, and treatment approaches.
Materials and Methods: A questionnaire prepared jointly by the Turkish Ophthalmological Association Cornea and Ocular Surface Society and
Glaucoma Society using SurveyMonkey was sent to ophthalmologists via e-mail. The distribution of parameters was compared with chi-square test and
p<0.05 was considered statistically significant.
Results: Forty-five percent of the ophthalmologists reported that OSD was evident in least 25% of their patients. The most common symptom was
redness (91.9%), while the most common ocular surface finding was conjunctival hyperemia (75.6%). The tests considered to be the most important in
ocular surface assessment were ocular staining (38.7%) and tear film break-up time (TBUT) (21.9%). Ninety percent of the physicians stated that the
main cause of OSD was benzalkonium chloride (BAC) in medications. Prostaglandin analogs and alpha-2 agonists were reported to be the most common
medications causing OSD. In case of OSD, the ophthalmologists often switch to a glaucoma drug from a different group (38%), a non-preservative
glaucoma drug (33.7%) or a drug with a preservative other than BAC (20.4%). Most physicians prescribed artificial tears (84.6%).
Conclusion: In this cross-sectional survey study, ophthalmologists detected varying rates of OSD in glaucoma patients depending on chronic drug use
and BAC exposure. Although ocular surface examination was performed by physicians, tests such as TBUT and ocular surface staining were rarely used.
Detecting OSD in glaucoma patients and planning personalized treatment increase patient comfort, drug compliance, and treatment effectiveness. For
this reason, it is important to prepare an algorithm for the management of comorbid OSD in glaucoma patients.
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Introduction
Glaucoma is a neurodegenerative optic nerve disease
characterized by peripapillary retinal nerve fiber loss, ganglion
cell apoptosis, and progressive visual field loss and is the
leading cause of blindness worldwide.1 High intraocular pressure
(IOP) is the main treatable risk factor responsible for the
occurrence and progression of glaucomatous damage.2 The firstline treatment is IOP-lowering medical treatment. Patients use
topical antiglaucoma drugs continuously for life unless they
undergo a laser or surgical procedure. In most cases, the desired
level of IOP reduction cannot be achieved with a single drug,
and patients have to instill multiple glaucoma drugs two or more
times per day.3
Dry eye disease is a multifactorial disease of the ocular
surface characterized by loss of tear homeostasis and ocular
symptoms.4 Tear film instability, hyperosmolarity, ocular surface
inflammation, and neurosensory abnormalities are involved
in the etiology.4 The prevalence of dry eye and ocular surface
disease (OSD) varies between studies in the literature, ranging
from 5% to 50%.4 Older age, female sex, systemic diseases,
and medications used are risk factors for dry eye and OSD.
Patients often experience eye redness, burning, stinging, foreign
body sensation, watering, and less commonly, itching. The
presence and severity of dry eye symptoms are assessed using
questionnaires such as the Symptom Assessment in Dry Eye and
Ocular Surface Disease Index (OSDI).5 Eye examination includes
biomicroscopic examination of the eyelash margin, meibomian
glands, conjunctiva, and cornea, and clinical diagnosis is made
using ocular surface staining, tear film break-up time (TBUT),
and Schirmer tests.5
Glaucoma and dry eye disease increase in incidence with age.
Age-related dry eye disease and meibomian gland dysfunction
are seen in the majority of glaucoma patients. In addition, the
active molecules and preservatives in antiglaucomatous drops
cause ocular surface toxicity, tear film layer instability, epithelial
damage, and inflammation with long-term use, leading to
exacerbation of the existing OSD.6,7,8,9,10,11,12,13 Rates of dry eye
and OSD increase with the number of glaucoma drugs used.14,15,16
In patients using multiple glaucoma drugs, high OSDI scores,
low mean Schirmer and TBUT values, and high ocular surface
staining scores were observed, and dry eye and OSD findings
were found to be associated with decreased central subbasal nerve
fiber layer density.17
Many studies have shown that glaucoma drugs that are
unpreserved or contain low concentrations of preservatives lead
to less dry eye and OSD signs and symptoms and enhance patient
quality of life compared to drugs that contain high concentrations
of preservatives.9,15,18,19,20,21 In a meta-analysis reviewing 720
articles on glaucoma therapy and OSD published from 1972
to 2018, the results of 102 articles implicated ocular surface
toxicity from preservatives rather than antiglaucoma drugs, and
the authors recommended reducing the use of preservatives,
treating underlying dry eye, and if necessary, performing laser
trabeculoplasty and conjunctiva-sparing minimally invasive

glaucoma surgery (MIGS).9 It was concluded that treatment
success and satisfaction of both patient and physician will
improve if physicians consider the ocular surface symptoms that
may occur and the risk factors for the development of OSD when
prescribing anti-glaucoma drugs.9
As a joint study by the Cornea and Ocular Surface Society
and Glaucoma Society of the Turkish Ophthalmological
Association (TOA), a questionnaire for ophthalmologists was
prepared to evaluate the prevalence and treatment approaches
of OSD associated with chronic drug use in glaucoma patients
in our country. This questionnaire aimed to make a general
evaluation of glaucoma patients in our country by questioning
the frequency of OSD, the most common eye complaints, ocular
surface findings, preferred dry eye tests, antiglaucoma drugs that
cause OSD, and treatment approaches used in glaucoma patients
examined by ophthalmologists.

Materials and Methods
The “Prevalence and Treatment of Ocular Surface Disease in
Glaucoma” questionnaire prepared jointly by the TOA Cornea and
Ocular Surface Society and Glaucoma Society on SurveyMonkey
was sent to TOA member ophthalmologists via e-mail
(Appendix 1) (http://glns.co/nl20c). The questionnaire consisted
of a total of 14 items about the ophthalmologists’ years of
professional experience, the type of institution they worked in,
their active TOA society memberships, the number of patients
with glaucoma they examined weekly, the percentage of their
glaucoma patients with complaints related to drug therapy
and common ocular surface symptoms, whether and at what
frequency they assess the ocular surface in glaucoma patients,
which tests are most important in ocular surface assessment,
frequently detected ocular surface disorders and risk factors
for OSD in glaucoma, which glaucoma drugs were more often
associated with OSD, the drugs most frequently used in the
treatment of OSD, and their preferred treatment approach
(within the circumstances of our country) to patients who
develop OSD because of glaucoma drugs.
Statistical Analysis
All statistical analyses were performed using SPSS version
21.0 (IBM Corp., Armonk, NY, USA). Statistical evaluations
were based on the number of physicians who responded to each
question. Since all of the parameters in the study were categorical
variables, chi-square test was used for comparisons. A p-value
<0.05 was considered statistically significant.

Results
Demographic Characteristics
Of the 442 ophthalmologists who participated in the
survey, 125 worked in university hospitals (28.3%), 114 in
training and research hospitals (25.6%), 113 in private hospitals
(25.6%), 86 in public hospitals (19.5%), and 22 in eye clinics
(5%); 18 of the participants (4.1%) worked in two different
places. Years of professional experience was reported as over 15
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years by 39.4% of participants, 10-15 years by 16.2%, 5-10
years by 20.1%, 2-5 years by 16.7%, and less than 2 years by
7.6% of the participants. Table 1 shows the distribution of
professional experience according to employing institution. Of
the 442 physicians, 134 (30.3%) reported active TOA society
membership and 67 (15.16%) were members of more than one
society. The distribution by society was 52 participants (25.9%)
in the Cataract and Refractive Surgery Society, 40 (19.9%) in the
Corneal and Ocular Surface Society, 37 (18.4%) in the Glaucoma
Society, and 72 (35.8%) in other societies.
The number of glaucoma patients examined per week was
reported as 9 of fewer by 36.4% of the ophthalmologists, 10-25
by 43.9%, 26-50 by 13%, and more than 50 by 6.6% of the
participants (Table 1). The number of glaucoma patients per
week was similar in all employing institutions and was most
commonly 10-25 patients (Table 1).
OSD Prevalence
When the prevalence of glaucoma patients with OSD was
evaluated, 45% of the ophthalmologists reported that they
detected OSD in at least 25% of patients. The majority of
physicians with active society memberships (36.6%) reported
drug-induced complaints and OSD in 26-50% of their patients
(Table 2). Society members were more likely to report that over

26% of their patients had ocular surface-related complaints than
participants who were not society members (Table 2).
The most commonly observed symptom was eye redness
(91.9%), followed by stinging/foreign body sensation (24.2%)
and burning (18.3%). Patients generally had more than one
complaint. There was no difference in the frequency distribution
of complaints between employing institutions (p>0.05).
Assessment Methods
Ninety-four percent of the physicians evaluated the ocular
surface in glaucoma patients and more than half (59.6%) said
they performed this evaluation at each examination. The tests
considered most important in ocular surface assessment were
ocular staining (38.7%), TBUT (21.9%), meibomian gland
examination (17.5%), OSDI scoring (17.5%), and Schirmer test
(5.2%).
The most common ocular surface finding was conjunctival
hyperemia (75.6%), followed by punctate epitheliopathy
(55.7%), contact dermatitis (34.6%), blepharitis/meibomian
gland dysfunction (25.1%), and follicular conjunctivitis (14.5%).
There was no difference in the incidence of OSD findings among
employing institutions (p=0.88). Among patients with multiple
findings, the most common combination was conjunctival
hyperemia, punctate epitheliopathy, and contact dermatitis.

Table 1. Demographic data of the physicians and number of glaucoma patients examined per week
Institution

n (%)

Active society member,
n (%)

Professional
experience†

Weekly glaucoma
patients†

University hospital

125 (28.3%)

89 (71.2%)

>15 years (33.6%)

10-25 (46.4%)
<10 (28%)

Training and research hospital

114 (25.6%)

39 (34.2%)

5-10 years (27.2%)

10-25 (40.4%)
<10 (34.2%)

Private hospital

113 (25.6%)

63 (55.8%)

>15 years (71.7%)

<10 (57.5%)
10-25 (33.6%)

Public hospital

86 (19.5%)

11 (12.8%)

5-10 years (39.5%)

10-25 (57%)
<10 (20.9%)

Eye clinic

22 (5%)

11 (50%)

>15 years (100%)

<10 (40.9%)
10-25 (40.9%)

Two institutions

18 (4.1%)

12 (66.7%)

>15 years (59.1%)

<10 (36.4%)
10-25 (36.4%)

Total

442 (100%)

134 (30.3%)

>15 years (39.4%)

10-25 (43.9%)
<10 (36.4%)

*Members can be registered in more than one society. †Mean values not available; the most common ranges are indicated

Table 2. OSD prevalence in glaucoma patients reported by active society members and non-members
OSD prevalence (%)

Society members, n (%)

Non-members, n (%)

Total, n (%)

<10

20 (14.9%)

66 (21.4%)

86 (19.6%)

11-25

37 (27.6%)

118 (38.3%)

155 (35.4%)

26-50

49 (36.6%)

91 (29.5%)

140 (32%)

51-75

18 (13.4%)

24 (7.8%)

42 (9.6%)

>76

6 (4.5%)

9 (2.9%)

15 (3.4%)

OSD: Ocular surface disease
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Table 3. Risk factors for ocular surface disease in glaucoma
Risk factors
Age (n)

Gender (n)

Drug
number (n)

Duration of use
(n)

BAC (n)

Additional
ocular disease
(n)

Systemic disease
(n)

University hospital

32

72

106

82

110

94

46

Training and research
hospital

33

16

90

75

102

95

45

Public hospital

13

6

61

57

77

69

23

Private hospital

28

12

76

61

93

78

43

Eye clinic

4

2

15

14

18

17

5

Total (%)

110 (25%)

43 (9.7%)

348 (78.7%)

289 (65.4%)

400 (90.5%)

353 (79.9%)

162 (36.6%)

Institution

BAC: Benzalkonium chloride

Risk Factors
When questioned about risk factors, 90% of physicians
regardless of employing institution stated that the main cause
of OSD was the benzalkonium chloride (BAC) in drugs (Table
3). Other risk factors were concomitant ocular disease (80%),
number of antiglaucoma drugs (79%), and duration of use
(65%). There was no difference in risk factors according to the
participants’ employing institutions (p=0.93).
When all physician responses were evaluated, the glaucoma
drugs most commonly implicated in the development of
OSD were prostaglandin analogs (56.4%) and alpha-2 agonists
(43.6%). However, active Glaucoma Society members considered
alpha-2 agonists (81.1%) to be riskier.
Treatment Approaches
In patients who develop OSD due to glaucoma medication,
drug change was recommended as the initial approach (98.3%),
with participants mostly preferring a glaucoma drug from a
different group (38%), a glaucoma drug with no preservatives
(33.7%), or a drug containing a preservative other than BAC
(20.4%). A small number of participants recommended selective
laser trabeculoplasty (1.1%), MIGS (0.2%), and trabeculectomy
or other surgeries (0.2%).
Artificial tears were most preferred for the symptomatic
treatment of OSD (84.6%). The use of topical steroids (6.7%),
topical antihistamines (4.9%), topical cyclosporine (2.4%),
and topical non-steroid anti-inflammatory drugs (1.4%) was
also reported. The treatments used did not differ significantly
according to the physicians’ employing institutions (p=0.06).
However, it was noted that topical cyclosporine was especially
preferred by physicians working in university-affiliated
institutions.

Discussion
The results of this survey study revealed that 442
ophthalmologists working in various centers frequently
encountered OSD symptoms and signs in glaucoma patients in
their daily practice. Most participants reported the frequency of
OSD complaints among their glaucoma patients as 11-25% or

26-50%. Redness was the leading symptom of the patients, while
conjunctival hyperemia was the most common examination
finding. Preservation of drugs with BAC was most cited as the
most important risk factor for OSD, followed by the number
of drugs used and the duration of use. The top two drugs
implicated in the development of OSD were prostaglandin
analogs and alpha-2 agonists. Physicians generally preferred to
switch the current medical therapy to treat OSD, while artificial
tears were the most commonly used symptomatic treatment.
In glaucoma patients, long-term use of multiple BACcontaining glaucoma drugs leads to OSD or exacerbates age-related
dry eye and meibomian gland dysfunction.6,7,8,9,10,11,12,13,14,15,16
Reducing the number of eye drops containing BAC and
switching to glaucoma drugs with lower concentrations of BAC
or no preservatives have been reported to reduce or eliminate
patients’ dry eye symptoms.10,11,12,15,18,19,20,21 An epidemiological
study including 4,107 patients with glaucoma showed that
57% of patients had least one OSD symptom after using
antiglaucoma drops.10 Patients often had discomfort, followed
by OSD symptoms such as burning, stinging, foreign body
sensation, dry eye sensation, watering, and itching. When ocular
findings were evaluated, conjunctival hyperemia was the most
common (38%), followed by conjunctival follicles and superficial
punctate keratitis.10 In the same study it was reported that ocular
symptoms and signs were more common among patients using
preserved drops compared to those using preservative-free drops,
the frequency of OSD increased with the number of preserved
drops used, and signs and symptoms decreased significantly after
switching to preservative-free drops or reducing the number
of preserved drops used.10 In a multicenter epidemiological
study conducted in Europe, it was reported that glaucoma
patients using preserved beta-blocker drops had more OSD
symptoms than those using unpreserved beta-blocker drops
(pain/discomfort during instillation: 48% vs. 19%, foreign
body sensation: 42% vs. 15%, stinging/burning: 48% vs. 20%,
and dry eye sensation: 35% vs. 16%).19 Ruangvaravate et al.15
observed that patients using preserved prostaglandin analogs
had significant ocular surface changes and reported that after
switching to low-BAC or no-BAC tafluprost therapy, there was
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a significant increase in TBUT but patients using unpreserved
tafluprost had better tear quality. They attributed the ocular
surface improvement with BAC-preserved tafluprost to the lower
BAC concentration in this drop compared to other prostaglandin
analog drops.15 In a similar study, a reduction in complaints and
clinical signs was observed in patients who switched to low-dose
BAC-preserved tafluprost therapy after at least 3 months of using
latanoprost drops.20 Ramli et al.12 found that there was a threefold increase in OSDI score and a significant decrease in TBUT
in patients using BAC-containing drops compared to those who
used Purite-preserved or preservative-free drops.
In a review of preservatives in glaucoma drugs, it was
noted that there is no evidence that OSD findings occur
in patients using drops with a low BAC concentration, so
expensive unpreserved drugs should generally be preferred only
for glaucoma patients who use multiple drugs or have OSD.22
In another observational study, dry eye disease was reported
to be associated with the number of drugs used by glaucoma
patients, with rates 11% in those using one drop, 39% in those
using two drops, and 43% in those using three drops.14 In a study
evaluating OSD in glaucoma patients in Thailand, a significant
positive relationship was observed between the number of
drugs used and corneal fluorescein and Rose Bengal staining.18
Baudouin et al.23 reported in their study that the high number
of daily drops used by patients with advanced glaucoma and
high IOP increased the degree of OSD. Similarly, the physicians
participating in our survey study stated that greater number of
drugs and long duration of use were the most common causes of
OSD after the BAC content of drugs.
Stalmans et al.16 stated that all glaucoma patients should be
asked whether they have any tolerance problems related to their
treatment and that even patients with no complaints may have
signs of OSD that might require treatment changes. Therefore,
ocular surface assessment is recommended for glaucoma patients
at each follow-up visit. Most physicians in our survey study
(94%) evaluated the ocular surface in glaucoma patients and
more than half (59.6%) performed this evaluation at each
examination.
Leung et al.13 observed dry eye symptoms in a total of 59%
of glaucoma patients (severe in 27%), reduced Schirmer test
values in 61% of patients, decreased TBUT in 78% of patients,
and ocular surface staining in 22% of patients. In our survey
study, surface staining tests were reported most frequently
(38.7%), while 21.9% reported evaluating TBUT. Using the
study by Leung et al.13 as a reference, evaluating TBUT can be
recommended as a priority in glaucoma patients.
In our survey results, the drug group most frequently
responsible for OSD was alpha-2 agonists according to active
members of the Glaucoma Society, whereas prostaglandin
analogs were the leading group according to other participants.
Apart from the preservative agent in alpha-2 agonist drops, the
drug is believed to contribute to OSD via its allergic and/or
proinflammatory properties.24,25 There are also case reports in the
literature that alpha-2 agonists cause allergic inflammation and
allergic conjunctivitis resembling vernal conjunctivitis, as well as
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increased IOP.26,27 Conjunctival hyperemia is the most common
adverse effect associated with the use of prostaglandin analogs,
but OSD, dry eye disease, and meibomian gland dysfunction can
also be seen. Prostaglandin-induced conjunctival hyperemia is
not considered to be associated with BAC toxicity and is believed
to be a result of nitric oxide-mediated vasodilatation.28,29 The fact
that latanoprost drops with the highest BAC concentration cause
less conjunctival hyperemia than other prostaglandin analogs
also supports this.30
The DEWS II report recommends determining the role
of the primary drug as the first step in managing glaucoma
patients with OSD when late-onset adverse effects occur after
initiating treatment, when multiple drugs or molecules are
used, and when concomitant OSD is present or treatment cannot
be discontinued.31 Patients using drugs containing BAC can
be switched to a preservative-free drug. As BAC causes dosedependent toxicity, the side effect profile can be reduced by
reducing the number of medications or by administering fixed
combination drugs in patients using of multiple BAC-preserved
drops.19,32 In addition, laser trabeculoplasty or surgery is an
alternative option when OSD is severe and affects the quality
of life.33
Su et al.34 monitored the development of OSD in patients
using BAC-preserved latanoprost and observed that Schirmer
test values decreased less in patients using artificial tears together
with their glaucoma medication than in those who did not.
Therefore, the use of artificial tears with glaucoma therapy can
be regarded as good clinical practice not only in patients who
have OSD but also to avoid OSD in patients with multiple drug
use or OSD risk factors. According to our survey results, we
found that physicians mostly preferred artificial tears (84.6%) for
symptomatic treatment of OSD.
In a study by Muzychuk et al.35 in which 36 glaucoma
specialists scored their responses on a Likert scale from 1 (strongly
disagree) to 7 (strongly agree), nearly all of the participants
agreed that treating OSD would substantially improve quality
of life in glaucoma patients and improve glaucoma outcomes
because of better patient adherence to glaucoma treatment.
However, only 22% agreed that OSD was adequately treated
in glaucoma practice. Most (86.1%) of the participants said
that they routinely evaluated the ocular surface in glaucoma
patients. The most commonly used assessment methods were
evaluation of conjunctiva (91%), lid health (88.6%), and lid
position (80%), and fluorescein staining of the ocular surface
(80%). The percentage of experts who performed TBUT, OSDI,
and Schirmer tests were 62.9%, 5.7%, and 2.9%, respectively.
Approximately 75% of the participants stated that they
sometimes, frequently, or always referred glaucoma patients to
an OSD specialist. In addition, 83.3% of the participants agreed
that ocular surface health should be considered in the treatment
of glaucoma and 66.7% agreed that personalized treatment is
needed. When the treatment approaches were examined, 100%
of the participants considered themselves knowledgeable about
the necessity of modifying topical glaucoma treatment (selecting
a fixed combination, preservative-free, or non-BAC preserved
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drug), while about 60% stated that they were knowledgeable
about topical immunomodulatory, steroid, and omega fatty
acid therapy and 31% about autologous serum. The 3 most
common treatments used in the approach to OSD were reported
to be artificial tears (94.4%), optimization of topical glaucoma
medications (66.7%), and lid hygiene (55.6%). Nearly all (92%)
of the participants stated that a recommended algorithm would
improve the treatment of OSD in glaucoma.
Treating OSD has been shown to reduce IOP in addition
to the signs and symptoms of dry eye.24,36 This has been
attributed to decreased inflammation in the trabecular network
or better adherence to glaucoma therapy as a result of reduced
discomfort.36 It should be kept in mind that eye drops such
as topical antihistamines and steroids used to relieve dry
eye symptoms also contain preservatives and may exacerbate
existing OSD symptoms. In this respect, topical cyclosporine
is a good alternative for the treatment of OSD.37 Saini et al.38
demonstrated decreases in ocular surface staining score and OSDI
and significant increases in Schirmer’s test, corneal sensitivity,
and subbasal nerve fiber layer density in patients with chronic
glaucoma after 6 months of topical cyclosporine therapy. OSD
reduces the quality of life and treatment adherence of patients
with glaucoma, can lead to glaucoma progression, and also causes
national economic losses.39,40 In Australia, 39% of patients with
glaucoma were found to have significant dry eye, resulting in an
economic burden of 330.5 million Australian dollars annually.39
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