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SUMMARY

Purpose: The aim of the study was to evaluate ocular surface and tear film in patients with pediatric (primary or secondary) unilateral glaucoma and
compare results obtained from the treated eye and untreated healthy eye.

Methods: Patients with unilateral pediatric glaucoma, followed in the outpatient department of the Department of Ophthalmology, Motol University
Hospital, were included in this study. Tear osmolarity, corneal epithelial thickness, lower tear meniscus area, Schirmer test, corneal fluorescein staining
and tear break-up time test (TBUT) were evaluated in both healthy and treated eye. The Ocular Surface Disease Index (OSDI) was used to establish
subjective impairment. The values obtained through testing the healthy and treated eye were compared.

Results: Thirteen patients met the inclusion criteria of the study. The mean age of the patients was 17.2 + 8.1 years. There was statistically significant
decrease in corneal epithelial thickness and TBUT in the treated eye (45.9 + 5.3 pm, 6.0 £ 1.7 second resp.) compared to the healthy eye (50.2 + 2.6 pm,
8.8 + 3.2 second resp.; p = 0.0106, p = 0.0015 resp.). Fluorescein staining score of the ocular surface was higher in the treated eye (1.7 £ 2.1) than in
the healthy eye (0.5 + 0.8; p = 0.0243). We found no statistically significant difference in the other evaluated parameters between the treated and the
healthy eyes.

Conclusion: The results confirmed signs of ocular surface damage in treated eyes. The damage may be induced by chronic topical antiglaucoma
therapy, but that could be a consequence of the previous ocular surgery as well. The possible damage of the ocular surface should be taken into
account when selecting appropriate treatment in these patients.
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INTRODUCTION

Glaucoma is a heterogeneous group of pathologies, the
most significant risk factor of which is increased intraocular
pressure (IOP). In children we distinguish between primary
glaucoma (congenital, infantile, juvenile) and secondary
glaucoma, the latter of which is caused by an impediment
of draining of the chamber fluid as a consequence of ano-
ther ocular or systemic pathology [1]. In both cases this
may be only a unilateral affliction.

The aim of glaucoma treatment is to prevent apoptosis
of the retinal ganglion cells by means of reducing intraocu-
lar pressure and improving ocular perfusion, and therefore
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to prevent the progression of the pathology. In treatment
of paediatric glaucomas it is often necessary to indicate a
surgical procedure already in the early phase, and in the
case of resolving congenital glaucomas surgical treatment
is the primary method. Despite this, in many cases it is
subsequently necessary to continue with medicamentous
therapy using locally applied preparations.

The negative influence of preservative agents in eye
drops on the development of damage to the tissues of the
ocular surface and the onset of dry eye syndrome has now
been well documented [2-6]. Dry eye syndrome (DES) is a
multifactorially conditioned disorder of tears and the ocu-
lar surface, which is connected with instability of the tear
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film and subjective complaints on the part of the patient,
including deterioration of visual acuity. Impairment of ho-
meostasis of the ocular surface and the tear film leads to an
increase of osmolarity of the tear film, and the activation of
a cascade of anti-inflammatory factors. The development of
chronicinflammation leads to a further impairment of stabi-
lity of the tear film — thus a vicious cycle is established [7,8].

Symptoms of dry eye syndrome have been described
in up to 60 % of adults patients treated for glaucoma
[4,9,10,11]. With regard to the long-term application of
antiglaucoma drops, patients with glaucoma are chronica-
lly exposed to the effect of preservative substances [12].
The toxic effect of these substances, in particular benzal-
konium chloride (BAK), may explain the high prevalence
of dry eye syndrome observed in this group of patients
and the correlation between symptoms, the number of
applied antiglaucomatous drugs and the duration of tre-
atment [2,6,13,14]. However, changes of the tear film and
the ocular surface have been described also following
antiglaucoma and other ocular surgeries[15-17].

The aim of the study was to evaluate changes of the
ocular surface and tear film in patients with unilateral
paediatric primary or secondary glaucoma, and to com-
pare the findings in the treated eye with the other unt-
reated healthy eye.

METHOD

The study included patients with unilateral glaucoma
who underwent long-term observation at the paediatric
clinic at the Department of Ophthalmology of the 2nd Fa-
culty of Medicine, Charles University and Motol University
Hospital. The patients were actively sought in the period
of 2016-2018 from the available patient database, and in-
vited to take part in the study. The study included only pa-
tients who were interested in taking part in the study and
were capable of undergoing the relevant examination. All
the participants in the study signed an informed consent
form approved by the Ethical Commission of Motol Uni-
versity Hospital.

A detailed medical history of the patients was recorded
(length of observation of glaucoma, surgical procedures,
length and type of used medicamentous therapy), as well
as the precise diagnosis. A detailed ocular examination was
also performed, including best corrected central visual acui-
ty (BCVA), the current values of intraocular pressure (IOP)
were recorded, an examination of tear osmolarity was per-
formed, as well as an examination of the corneal epithelial
thickness (CET), an examination of the lower tear meniscus
area (LTMA), Schirmer test | (ST1, without application of
anaesthetic), staining of the ocular surface with the aid of
fluorescein and evaluation of the stability of the tear film
by a tear break-up time test (TBUT). Tear osmolarity was
measured using the instrument TearLab Osmolarity System
(TearLab Corop, San Diego, CA, USA). A tear sample (50 nl)
was taken from the lower temporal tear meniscus with the
aid of a microchip, and was subsequently analysed by an
automatic instrument. Osmolarity was measured twice, al-
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ways simultaneously in both eyes, and the mean value was
recorded, as well as the higher of both values for each eye.
Measurement of CET of the cornea and LTMA was perfor-
med using a Fourier-Domain AS-OCT system (Optovue Inc.,
Fremont, CA, USA) with the corneal adaptation extension
CAM-L. We measured the LTMA on a 4-millimetre vertical
scan (scan designated forimaging of chamber angle), which
was rotated vertically and centred to the lower tear menis-
cus at number 6, with the patient in upward gaze position.
The surface was measured with the aid of an instrument for
measuring the surface, which is available within the frame-
work of the instrument software (Fig. 1). CET of the cornea
was read on a horizontal OCT cross-section of the cornea in
three places, and the mean value was recorded for each eye.
For evaluation of the vital staining of the ocular surface, we
used an evaluation according to the Oxford schema [18].
The schema contains 5 panels A-E, in which 3 zones are dis-
played on each of the panels: temporal bulbar conjunctiva
- cornea - nasal bulbar conjunctiva. The range of punctate
epitheliopathy of each zone is evaluated from 0 to 5, the
maximum possible value is 15 (corresponding to a finding
of severe epitheliopathy in all three zones). We evaluated
the finding after blinking of the patient with the aid of a slit
lamp and slip-on blue filter. In the evaluation of the stability
of the tear film (TBUT; evaluation of time from blinking to
the break-up of the tear film), the measurement was perfor-
med three times and the mean value was recorded. A stan-
dardised questionnaire (Ocular Surface Disease Index, OSDI;
modification evaluating complaints for each eye separate-
ly) was used for determining subjective complaints. In the
questionnaire, on a scale of 0-4 (0 — never, 1 — occasionally, 2
- half the time, 3 — most of the time, 4 — constantly) patients
evaluate the subjective incidence of complaints during the
course of the previous week with the aid of 12 questions.
We subsequently obtain the resulting score by substituting
this into the formula. The results fluctuate within the range
of 0-100, in which a higher score represents greater afflicti-
on (0-12 = normal; 13-22 = mild DES; 23-32 = moderately
advanced SSO; 33-100 = advanced SSO).

Values were compared between the treated eye and the
healthy eye without treatment. The results are presented

Fig. 1. Measurement of lower tear meniscus area (LTMA)
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as the mean values + SD. The results were statistically ana-
lysed with the aid of a paired t-test (software for statistical
data processing StatView 5.0 (SAS Institute Inc., Cary, NC,
USA) in the case of parametric data distribution, and with
the aid of a Wilcoxon paired test for non-parametric data.
The borderline of statistical significance was considered to
be the value of p < 0.05.

RESULTS

Within the framework of the study a total of 13 patients
were examined. The mean age of the patients was 17.2 +
8.1 years (range 6-32 years). All the patients applied anti-
glaucoma therapy only into one eye, the other eye was
healthy and without treatment.

Six patients were observed with primary unilateral glau-
coma, the remaining patients with secondary unilateral

Table 1. Characteristics of cohort of patients
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IOP - intraocular pressure at time of examination
BCVA - best corrected visual acuity

TO - trabeculotomy

TE — trabeculectomy

CPC - cyclophotocoagulation

SLT - selective laser trabeculoplasty
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Length of

treatment
with stated
preparation

glaucoma - three patients after surgery for congenital
unilateral cataract, one patient after cataract surgery with
persistent fetal vasculature, in two patients the basic dia-
gnosis was Sturge-Weber syndrome, in one patient ectro-
pion uveae. The mean length of treatment of the eye with
glaucoma was 13.6 £+ 7.9 years (range 3-29 years). In all ca-
ses, the patients were treated with local preparations with
a content of preservative substances (BAK). All the patients
had undergone at least one operation on the treated eye,
twelve patients had undergone an antiglaucoma proce-
dure, in four patients we had performed surgery of con-
genital cataract. The mean value of intraocular pressure in
the treated eye was 15.9 + 4.3 mmHg (range 8-23 mmHg),
in the healthy eye 15.8 + 3.1 mmHg (range 13-21 mmHgq).
The differences between the values of intraocular pressure
in the treated and healthy eye were not statistically signi-
ficant (p =0.9231). None of the patients used preparations

Performed
antiglaucoma
procedure
IOP, treated eye
(mmHg)
10P, healthy eye
(mmHg)
BCVA, treated
BCVA, healthy
eye

10 TO 16 18 1.0 10
5 TO, TE 2x 20 20 05 10
11 TO 2x 14 13 03 1.0
3 20 18 0.004 10
6 TO 3x 15 17 moves 0
ment
2 CPC 3x 17 16 0.025 1.0
2 TO,CPC3x 15 16 1.0 1.0
7 TO 15 14 0.003 0.8
3 SLT 23 21 06 0.8
4 TE, CPC 21 16 1.0 1.0
3 TE 13 10 03 1.0
6 TO 10 14 1.0 1.0
6 TO 8 13 1.0 10
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of the type of artificial tears. The characteristics of the co-
hort of patients are presented in summary in table 1.

The results of the examinations of the individual pati-
ents are presented synoptically in table 2. None of the pa-
tients stated subjective complaints determined with the
aid of the OSDI questionnaire in the healthy eye. Subjec-
tive complaints in the treated eye were recorded as mini-
mal for twelve patients, with the score fluctuating within
the range of 0-10.4 points (corresponding to the range of
normal values). Only in one patient were the values of the
OSDI score almost 40, which attests to advanced DES.

Mean tear osmolarity in the treated eye was 305.0 + 9.9
mosmol/l, and in the healthy eye 307.3 = 11.6 mosmol/I.
The differences in the values between the healthy and
treated eye were not statistically significant (p = 0.4317).
The value of tear osmolarity in the treated eye in all pati-
ents fluctuated within the limits of the norm. In the healthy
eye in four cases osmolarity was higher than 316 mosmol/I.

Mean corneal CET in the treated eye was 45.9 + 5.3 um,
in the healthy eye 50.2 + 2.6 um. Corneal CET in the treated
eye was statistically significantly lower than in the healthy
eye (p =0.0106). Mean LTMA in the treated eye was 0.024
+ 0.027 mm2, in the healthy eye 0.034 + 0.029 mm2. The
difference was not statistically significant (p = 0.1596).

The mean value of the Schirmer test for the treated eye
was 28.5 = 10.9 mm/5 min, and in the healthy eye 27.3 £
9.5 mm/5 min. The values were not statistically significa-

Table 2. Results of individual measurements
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12 0,0 283,5 291 293,5 296 47
13 0,0 294,5 299 287,5 291

OSDI - standardised questionnaire for evaluating subjective complaints

CET - corneal epithelial thickness
LTMA - lower temporal meniscus area
TBUT - tear break-up time
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ntly different (p = 0.5665). The values of the Schirmer test
were reduced in the treated eye in two patients (below 10
mm/5 min; no. 11 and 13), in one of these patients the va-
lue was reduced also in the healthy eye (no. 11), in the se-
cond patient (no. 13) the value was borderline in the heal-
thy eye. In the other patients the values in both the treated
and the untreated eye were within the limits of the norm.

We did not demonstrate clinically severe affliction of
the ocular surface in any single case within the aid of fluo-
rescein staining. However, the ocular surface was stained
by fluorescein statistically significantly more in the trea-
ted eyes (1.7 + 2.1) than in the healthy eyes (0.5 + 0.8; p =
0.02433). The values of TBUT in the treated eyes (6.0 + 1.7
s) were statistically significantly lower than in the healthy
eyes (8.8 +3.25;p=0.0015).

DISCUSSION

It has now been well documented by a series of studies
that chronic local antiglaucoma therapy increases the risk
of development of DES in patients, either as a consequen-
ce of the content of preservative substances or as an ad-
verse effect of the active agent itself [6,10,12,13,19,20,21].

The diagnosis of DES, especially the initial stages of the
pathology, is difficult. After introducing testing of tear
osmolarity, some authors have demonstrated good speci-
ficity and sensitivity of this examination in the diagnosis
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of DES, and proposed measurement of osmolarity as the
“gold standard” for the diagnosis of the pathology [22-25].
In patients treated with antiglaucomatous drugs, a corre-
lation has been demonstrated between tear osmolarity
and the results of evaluation of subjective complaints with
the aid of OSDI, TBUT values, the number of applied prepa-
rations and the frequency of application of drugs per day
[2,14,26,27].

In our study the values of tear osmolarity were highly va-
riable, and the values in the treated eyes did not demon-
strate a significant difference in comparison with the values
of the healthy eyes. In fact, values considered pathological
(above 316 mosmol/l) were recorded also in healthy eyes.
Our results thus correspond with other studies that indicate
disparate results of measurement of osmolarity and a lack of
consensus on the threshold value of tear osmolarity [23,28-
31]. Halkiadis et al. did not demonstrate any difference in
tear osmolarity in patients treated with antiglaucomatous
agents without subjective complaints in comparison with
the values in healthy control groups [32]. In our study also,
the majority of patients stated only minimal or no subjective
complaints. Only in one patient did we record more severe
subjective complaints. This patient also had a markedly re-
duced TBUT in both eyes. In our study we did not observe
frequency of blinking. Increased frequency of blinking in
this patient may have compensated for higher instability of
the tear film, and as a result we did not demonstrate patho-
logical results of further examinations. Only small damage
to the ocular surface was confirmed by the results of fluo-
rescein staining.

One of the causes leading to the onset of dry eye syndro-
me (DES) is considered to be the toxic effect of the preser-
vative substances contained in eye drops [6,10,13,33,34].
In general, these substances disrupt the cellular wall of
bacteria, and at the same time may increase the penetrati-
on of substances through the cornea. The most frequently
used preservative agent is BAK. Its good bactericidal pro-
perties have long overshadowed its toxic effects on the
surface tissues of the eye, conjunctiva and cornea. It has
been described that BAK has a pro-apoptotic and anti-in-
flammatory effect on conjunctival cells, destabilises goblet
cells, causes metaplasia of the conjunctival epithelial cells,
by damaging the cells of the corneal epithelium impairs
its barrier function and increases the activation of kerato-
cytes in the corneal stroma [35-38]. Also in clinical trials,
changes in the morphology of the corneal epithelial cells
and a reduction of the thickness of the corneal epithelium
have been confirmed in patients treated for glaucoma
[14,39-41].In accordance with these results, in our patients
we demonstrated lesser thickness of the corneal epitheli-
um in the treated eye. It is assumed that in patients with
dry eye syndrome, excessive induction of apoptosis of
the epithelial cells occurs as a consequence of a disorder
of homeostasis and malfunction of the tear film, and at
the same time, due to the influence of reflexively increa-
sed blinking frequency, there is an increase of mechanical
traction, which leads to a further thinning of the epitheli-
um of the affected cornea. An abnormally rapid turnover
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of tissue and hyperplasia of the epithelium is a common
reaction to “stress reactions” [8,13,42]. In an endeavour to
compensate for increased apoptosis, increased prolifera-
tion of epithelial cells may result. This theory is supported
also by the results of our previous study on patients with
unilateral buphthalmosand the studies by Martone et al.,
which in treated eyes demonstrated higher density of the
basal epithelial cells [43,35] with the aid of a corneal con-
focal microscope.

The influence of local antiglaucoma therapy on tear pro-
duction, measured with the aid of a Schirmer test or on the
basis of measurement of the lower tear meniscus area, is
not clear [19,45,46]. The large dispersion of values of the
tear meniscus in treated eyes recorded in our study may
support the conclusions of the study by the authors Shi-
mazaki et al, who demonstrated an unchanged or even
slightly increased value of the Schirmer test in patients
with DES. The authors assume that in the initial stages of
DES, reflex hypersecretion may take place [46].

The results of an examination of TBUT in the healthy and
treated eye in our study confirm lower stability of the tear
film in the treated eye. The possible contribution of pre-
servative agents in antiglaucomatous preparations to the
development of instability of the tear film has been repea-
tedly demonstrated [14,15,19,26,34].

At present, considerable attention is being focused also
on the influence of ocular surgery on homeostasis of the
ocular surface and the development of symptoms of DES.
Despite the fact that the results are not unequivocal, an
increased incidence of subjective and objective symptoms
of DES has been described following glaucoma operati-
ons, after cataract surgery and after pars plana vitrectomy
[15-17,47-53]. Our results thus may document not only the
adverse effect of locally applied medications, but may also
concern the consequences of previous surgical procedu-
res on the affected eye. A limitation of our study is also the
small number of patients and the different primary patho-
logy, which is due to the fact that the incidence of unilate-
ral paediatric glaucoma is very rare.

Despite this, our results support the current recommen-
dations, which emphasise that the aim of modern glauco-
ma therapy, in addition to sufficient reduction of IOP and
prevention of the progression of damage to sight, is also
an endeavour to reduce the adverse effects of long-term
therapy. This especially concerns limiting the content of
preservative agents in drops [2,3,6,14,54,55]. Until 2009,
only one antiglaucomatous drug without preservative
agents was available in the Czech Republic [56,57]. Since
that time there has been a pronounced expansion in the
availability of preparations without preservative agents.
In the choice of therapy, especially for paediatric patients,
it is necessary to remember that patients diagnosed with
glaucoma at an early age will use local therapy for a long
period of time, and in addition its adverse effects may be
further potentiated by changes triggered by surgical pro-
cedures. Even relatively small changes to the surface of the
treated eye in our cohort of paediatric patients point to the
risk of development of affliction of the ocular surface du-
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ring the subsequent course of life, and accent the need for
the choice of the most sparing preparation. At the same
time, it is necessary to reckon with a higher risk of deve-
lopment of symptoms of DES in the case of indication of
further surgical procedures.

CONCLUSION

In the presented study, we observed the influence of
antiglaucoma therapy on the development of symptoms
of DES in patients with unilateral paediatric primary or
secondary glaucoma, and the results of the examinations
were compared with the values in the other, healthy eye.
In the treated eye we demonstrated statistically significa-

ntly lower CET, lower values of TBUT, and the surface of the
treated eyes was more markedly stained with fluorescein.
Changes of osmolarity of the tear film in the treated eyes,
values of the Schirmer test and the size of the lower tear
meniscus area were not statistically significant, and were
considerably variable. The results confirm changes of the
ocular surface and tear film in these patients, which may
be triggered by the adverse effects of chronically applied
antiglaucoma therapy, or may be the consequence of an
undergone surgical procedure. From the perspective of
minimising these adverse effects, it is suitable to focus
increased attention in clinical practice to the choice of
pharmaceutical preparation, especially with regard to the
content of preservative agents.
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