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Introduction 

 In my thesis, I summarize some of our latest results demonstrating the adjuvant 

effects of conservative therapies in two research directions of the anterior segment of the 

eye, dry eye disease and cataract surgery. Although ophthalmology is becoming an 

increasingly surgical discipline, our results suggest that conservative therapies, such as 

the use of eye drops, may prevent the surgical intervention, or may improve the safety of 

some surgeries. 

 
Changes of dry eye disease symptoms after treatment with Conheal® eye 
drops  

Dry eye disease affects 5% to 30% of the population, and it is especially 

prevalent in post-menopausal women. Dry eye complaints are ranked as the most 

frequent symptoms of patients visiting ophthalmologists. Dry eye disease is induced by 

the complex, multifactorial pattern of decreased production of tear and/or the 

pathologically disturbed composition of tear film, damaging the eye surface. During dry 

eye disease, a chronic inflammation of the eye surface develops, which leads to 

pathological changes of the tissues of the eye surface. These changes damage the 

epithelium of the cornea and the conjunctiva. Consequently conjunctiva sags and severe 

conjunctivochalasis, i.e. the occurrence of LId-Parallel-COnjunctival-Folds (LIPCOF) 

may develop. 

The degree of conjunctivochalasis (measured in LIPCOF degree) correlates well 

to the other objective and subjective symptoms of dry eye disease, viz. tear film break-

up time, and the degree of subjective symptoms measured by the Ocular Surface 

Disease Index (OSDI). These tests are generally accepted as a “best practice” to detect 

dry eye disease. Due to these reasons, we have selected these three measures together 

with the level of lissamine green staining assessing epithelial damages as endpoints of 

our investigations shown in my thesis. 

The most important conservative therapy of dry eye disease is the treatment 

using artificial tear drops to increase the amount and/or quality of tear. Patients with dry 

eye symptoms buy artificial tears having a value of approx. 100 million USD per year in 

the USA alone. 
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Advanced conjunctivochalasis characterized by level 3 lid-parallel conjunctival 

folds (LIPCOF) may require a surgical intervention to achieve a significant decrease of 

dry eye symptoms. Patients with level 2 or lower LIPCOF values are usually adequately 

treated with conservative therapy. There is a wide range of surgical procedures 

applicable in severe conjunctivochalasis having a LIPCOF degree of 3, such as the 

surgical resection of lid-parallel conjunctival folds, or their treatment with argon laser or 

heat cauterization. The results of the resection of the loose conjunctiva may be 

improved by transplantation of amnion grafts. 

Severe cases of dry eye disease, such as advanced conjunctivochalasis would 

greatly benefit of non-invasive, conservative therapies, which may better the general 

status of dry eye symptoms to a level, no longer requiring surgical intervention. In my 

thesis I summarize our studies demonstrating the efficiency of such a therapy. 
 
 
Increase of intracameral prostaglandin level after femtosecond laser-
assisted cataract surgery, with or without Nevanac® non-steroid anti-
inflammatory eye drop pretreatment 

The number of cataract surgeries rapidly increases worldwide. In 2010 there 

were approximately 20 million cataract surgeries annually. According to WHO 

estimates in 2020 we will have approx. 32 million cataract surgeries per year. 

Femtosecond laser-assisted cataract surgery has been performed first in human subjects 

in our Department in 2008. Since then this procedure became an EU/USA officially 

registered and generally used procedure due to its highly precise and reproducible 

results, which proved to be especially useful in the implantation of premium lenses. The 

continuous improvements of the laser technique help to decrease the possibility of the 

adverse events related to this method [Nagy et al, 2015]. 

In 2013 Schultz et al described first that during the femtosecond laser-assisted 

cataract surgery the prostaglandin content of the aqueous humour increases. Earlier 

studies indicated that the increase of prostaglandins during traditional cataract surgeries 

may play an important role in the post-surgical, occasional development of mild forms 

of macular edema including no clinical symptoms. Earlier studies of Schultz et al 

hypothesized that the elevated prostaglandin level of the aqueous humour during 

femtosecond laser-assisted cataract surgery also contributes to the increased miosis after 

the surgery. 
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The consequences of cataract surgery and/or femtosecond laser treatment can be 

attenuated by conservative preventive therapies. As one example of these therapies non-

steroid anti-inflammatory drug (NSAID), such as ketorolac, bromfenac, amfenac or 

nepafenac, containing eye drops decrease the level of prostaglandins in the aqueous 

humour by inhibiting the anterior segment COX-1 and COX-2 enzymes. Earlier studies 

showed that pre-surgical application of NSAID drops may decrease the miosis that 

occurs in the one-third of all surgeries, the post-surgical inflammatory processes, the 

development a macula edema, as well as may diminish post-surgical pain. In agreement 

with these findings Schultz et al hypothesized that the use of anti-inflammatory agents 

in femtosecond-assisted cataract surgeries may prevent the increase of prostaglandin 

level in the aqueous humour, and – consequently – may decrease the occurrence of post-

surgical miosis and macula edema. 

Based on the above findings and assumptions our research work aimed to 

answer to the question, whether the pre-surgical application of non-steroid anti-

inflammatory eye drops may attenuate the increase of prostaglandins in the aqueous 

humour during femtosecond laser-assisted cataract surgeries, and – consequently – may 

perhaps contribute to the decrease of post-surgical complications such as miosis or 

macula edema. 
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Aims 

 
 

The aim of my doctorial work was to examine the adjuvant effects of 

conservative therapies (in my work: eye drops) to avoid the surgery or the post-surgical 

complications of the anterior segment.  

 

 

 

1. During our work, we wanted to answer the question, whether one and/or 

three months regular treatment using Conheal® eye drops containing 

0.015% sodium hyaluronate and isotonic glycerol may decrease the 

severity of the symptoms of patients with advanced conjunctivochalasis.  

 

 

2. With our other clinical trial we wanted to answer to the question, whether 

non-steroid anti-inflammatory drug pretreatment of the eyes undergoing 

femtosecond laser-assisted cataract surgery may attenuate the increase of 

the prostaglandin level of the aqueous humour. 
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Patients and methods 
 
Changes of dry eye disease symptoms after treatment with Conheal® eye 
drops 

Twenty adult patients from the patients of the general outpatient unit of the 

Department of Ophthalmology of the Semmelweis University between the August of 

2012 and July of 2013 were enrolled into our prospective study approved by the 

Hungarian Scientific and Research-Ethics Committee (permission No. 21455-1/2011-

EKU given on 7th December 2011). Ethical principles for Medical Research Involving 

Human subjects were kept while conducting the trial. All patients signed an informed 

consent about the study. The trial was registered at the international ISRCTN database 

(registration number: ISRCTN81112701). 

All patients have already used commercially available artificial tears regularly 

(17 out of the 20 for many months or years, 3 out of the 20 for a few weeks) before 

entering the study. Enrolled patients stopped the use of their earlier artificial tears 3 

days before the first visit. Despite all of our dry eye patients have been continuously 

using artificial tears prior our study, they still had subjective symptoms, and their 

objective dry eye symptoms reached the advanced stage of LIPCOF 3. Since in spite of 

the use of the commercially available artificial tears each patient reached 

conjunctivochalasis LIPCOF grade 3 each patient served as his/her own control during 

the time of our study. 

At the first visit the required amount of unit-doses of the preservative-free, 

inorganic salt-free artificial tear, Conheal® (provided by Pannonpharma Ltd., 

Pécsvárad, Hungary), containing isotonic glycerol and 0.015% hyaluronic acid in 

purified water was given to our patients. Patients were instructed to apply these 

artificial tears on both eyes four times a day during the three months of the study.  

The severity of the conjunctivochalasis was determined in terms of LIPCOF 

degrees according to the Höh method. The tear-film breakup time (TFBUT) was 

measured by a standard method using fluorescein. Epithelial damages were detected by 

lissamine green staining which was evaluated according to the Oxford Scheme grade. 

The subjective complaints of the patients, as well as the impact of the dry eye 
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complaints on their everyday life were recorded by the help of the OSDI questionnaire. 

During the three months long trial results of the tests were recorded at the 

beginning of the study, after one and three months use of the artificial tear. Results of 

the one-month and the three-months visits were compared to that of the results of the 

enrolment visit. For the comparison of ordinal data (LIPCOF degree, Oxford Scheme 

grade) and non-normally distributed data (OSDI) the non-parametric Wilcoxon Signed 

Rank Test was used, meanwhile the normally distributed data (TFBUT) were 

compared by the help of the parametric Paired T Test using the SPSS Statistics 22 

software (IBM Corporation, Armonk, NY, USA). For conservative power estimation, 

the highest observed within-group standard deviation of 0.9 was supposed, and a low 

correlation value of 0.2 was assumed for correlated measurements performed on the 

same subject at month 0 and month 3. A mean decrease from baseline of 1.0 LIPCOF 

degree was assumed to be clinically relevant. Power estimation was performed for a 

paired t-test at a two-sided significance level of 5%, and corrected for the asymptotic 

relative efficiency of 3/𝜋 because during the statistical evaluation the Wilcoxon Signed 

Rank Test was applied instead. Power calculations were performed in SAS v9.4. 

 
 
Measurement of the increase of intracameral prostaglandin level after 
femtosecond laser-assisted cataract surgery, with or without Nevanac® 
non-steroid anti-inflammatory eye drop pretreatment 

36 adult patients of the Semmelweis University Department of Ophthalmology 

general outpatient unit were enrolled to our study. The study was approved by the 

Scientific and Research Ethics Committee of the Semmelweis University under the 

permission number 235/2013. The age of the patients was 62.3 ± 13.1 years. We had 3 

patient groups in our study. The 12 patients of the Control group received traditional 

cataract surgery. The 12 patients of the FLACS group received femtosecond laser-

assisted cataract surgery. The 12 patients of the NSAID group were treated by non-

steroid anti-inflammatory eye drops before and on the day of the femtosecond laser-

assisted cataract surgery. 

In the FLACS and FLACS+NSAID patient groups anterior capsulotomy, 

nuclear fragmentation of the lens (using cylindrical pattern) were created by 

femtosecond beam produced by the LenSx® Laser System (Alcon Laboratories Inc. 
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Fort Worth, TX USA). After these steps a side port was created by a 15 degree stab 

knife and approximately 110 µL of aqueous humour was collected by the help of a 

cannula and a 1 mL syringe. In the “Control group” only the aqueous humour sample 

collection happened before the traditional phacoemulsification cataract surgery. The 

aqueous humour samples were put into 0.5 mL Eppendorf Tubes® into dry ice in the 

operation theater. Samples were stored on -80°C until further processing. After the 

collection of the aqueous humour, phacoemulsification of the lens by Alcon 

INFINITI® Vision System (Alcon Laboratories, Inc., Fort Worth, TX, USA) and lege 

artis posterior chamber lens implantation was performed on all patients. 

Total prostaglandin concentrations of the aqueous humour samples were 

determined using Enzyme Immunoassay (EIA) method. Total prostaglandin levels 

were measured using a Prostaglandin Screening EIA Kit (Cat. #514012) distributed by 

Cayman Europe. The EIA kit was used as instructed by the manufacturer. 50 µL of the 

aqueous humour sample with 50 µL of tracer and 50 µL of antibody provided in the kit 

was incubated for 18 hours on 22°C. The used wells were thoroughly washed five 

times. Thereafter 200 µL of Ellman’s reagent was added. After 60 minutes of 

incubation combined by gentle shake, at 60, 75, 90 and 95 minutes the plate was read 

at 412 nm. Measurement values of the calibration curve correlated the most to the 

provided calibration curve at 90 minutes (R>0.985), therefore values of this time point 

were used for further analysis. The best-fit measured calibration curve was found by 

using curve fitting regression analysis. 

Statistical differences between the age, anterior chamber flare, intra-operative 

prostaglandin levels of the 3 groups were tested by One-Way ANOVA, in case of 

statistically significant differences among the groups independent-samples T-tests were 

also performed to compare the means of the individual groups to each other. SPSS 

Statistics v20, IBM Corp. was used for running the statistical tests. 
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Results 

 
The most important results of my work are the followings. 
 
Changes of dry eye disease symptoms after treatment with Conheal® eye 
drops 

The primary outcome measure of our study applying Conheal® eye drops 

containing 0.015% sodium hyaluronate and isotonic glycerol to patients having severe 

conjunctivochalasis for one or three months regularly four times a day was the 

measurement of conjunctivochalasis by measuring the occurrence of lid-parallel 

conjunctival folds (LIPCOF). The mean grade of the conjunctivochalasis was reduced 

on both eyes significantly at the one-month-visit, and was decreased further at the 

three-month-visit. After three months the grade of conjunctivochalasis was decreased 

from an advanced value of a mean LIPCOF degree of 2.9±0.4 on both eyes to 1.4±0.6 

on the right (median decrease of -2 points, 95% CI from -2.0 to -1.0), and to 1.4±0.7 on 

the left eye (median decrease of -1 points, 95% CI from -2.0 to -1.0) (P<0.001 for both 

sides; Figure 1; [Kiss and Németh, 2013; 2015]). The LIPCOF degree was decreased 

significantly on both eyes after one month of the treatment. Significant decrease of the 

LIPCOF degree was not present on the left eyes between the one and three months’ 

results. However, there was a significant decrease on the right eyes between the one 

and three months results. The LIPCOF degree was decreased significantly on both eyes 

at the end of the study compared to the enrolment (P<0.001). 

 

 
Figure 1. Degree of the conjunctivochalasis in terms of LIPCOF degrees after 1 and 3 
months of artificial tear treatment. Artificial tear treatment and measurement of LIPCOF 
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degree on 20 patients were performed as described in section of Patients and methods. The 
artificial tear investigated caused a significant decrease of LIPCOF degree on both eyes after 
one month of use that advanced further on the right eye significantly after three months, 
significant decrease on the left eyes was not present during the same period. The LIPCOF 
degree was decreased significantly on both eyes at the end of the study compared to the 
enrolment (P<0.001). In the box plot medians, interquartile ranges and end values of the 
LIPCOF degree are shown. Statistical evaluation was performed using the Wilcoxon Signed 
Rank Test. [Kiss and Németh, 2013; 2015]. 
 

Changes in the degree of conjunctivochalasis, as measured by LIPCOF degrees 

in earlier studies of the literature using liposome containing eye drops for evaporative 

dry eyes, were compared to the results of our study (Figure 2; [Kiss and Németh, 

2013; 2015]).  

 
Figure 2. Comparative analysis of the decrease of conjunctivochalasis in various studies. 
The figure shows the decrease of the degree of conjunctivochalasis compared to that measure 
at the start of the treatment in previous studies using a liposome eye spray (dotted arrows) 
compared to our results using an isotonic glycerol and 0.015% hyaluronate-containing artificial 
tear (solid lines). Numbers above the arrows represent the different studies on a time scale of 
their duration in months [Kiss and Németh, 2015]: arrows indicated by 1 represent the result of 
our study, arrows indicated by numbers from 2 to 5 represent the results of the other study 
groups with the liposome eye spray. 
 

After three months of Conheal® treatment the tear film breakup time (TFBUT) 

lengthened from the initial value of 4.8 s on both eyes to 5.9 s on the right eyes and 5.7 

s on the left eyes. The lissamine green staining, indicating the epithelial damage of the 

cornea and the conjunctiva, evaluated by the application of the Oxford Scheme grade, 

was decreased significantly from 1.3 to 0.3 on the right eyes and from 1.4 to 0.2 on the left 

eyes. The subjective complaints of the patients measured with the Ocular Surface Disease 

Index (OSDI) questionnaire significantly improved from the initial result of 36.2 to 15.6. 
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Increase of intracameral prostaglandin level after femtosecond laser-
assisted cataract surgery, with or without Nevanac® non-steroid anti-
inflammatory eye drop pretreatment 

The total prostaglandin concentration of the FLACS+NSAID group was 

decreased significantly to 92.2±51.7 pg/mL compared to the FLACS group, that had a 

total prostaglandin concentration of 1449.1±1019.7 pg/mL. The total prostaglandin 

level of the pretreated group was even lower, than that of the Control group, which was 

208.8±140.5 pg/mL. (Figure 3). [Kiss et al, 2015; 2016]. 

 

 
Figure 3. Nepafenac normalizes elevated intracameral total prostaglandin levels after 
femtosecond laser-assisted cataract surgery. The boxplot shows that the topical NSAID 
pretreatment (nepafenac) completely inhibited (P<0.001) the intracameral total prostaglandin 
concentration elevation that was observed in the “FLACS group” (P<0.001). The total 
prostaglandin concentration of the “Pretreated FLACS group” samples was even lower, than 
that of the “Control group” (P<0.01). There were no outliers in our data. [Kiss et al, 2015; 
2016]. 
 
The total prostaglandin concentration in the FLACS+NSAID group was significantly 

lower, than that of the FLACS group (P<0.001), and was even lower than in the Control 

group (P<0,01; Figure 3). [Kiss et al, 2015; 2016]. 
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Conclusions 

 
The most important results of my work can be summarized as follows: 

 

1. Treatment of 20 patients, having dry eye with advanced conjunctivochalasis, for 

one or three month regularly, 4 times a day with Conheal® eye drops containing 

0.015% sodium hyaluronate and isotonic glycerol, decreased the severity of dry 

eye disease of these patients significantly and in a clinically relevant fashion.  

a. As the primary outcome of these studies after three months of Conheal® 

treatment the lid-parallel conjunctival folds (LIPCOF) degree of the 

patients was decreased from the close-to-maximal, advanced 2.9 degrees 

that may require a surgery to improve symptoms to less than its half, 

which can be successfully treated by conservative treatment. 

b. Tear film breakup time after 3 month of Conheal® treatment was 

increased by 20% on both eyes. 

c. Lissamine green staining showing epithelial damages of the cornea and 

conjunctiva was decreased from 1.3 to 0.3 and 1.4 to 0.2 in the right and 

left eyes, respectively due to the treatment. 

d. The Ocular Surface Disease Index (OSDI), measuring the subjective 

complaints of the patients, was decreased to less than its half [Kiss and 

Németh, 2015; 2016]. 

2. Applying 0.1% nepafenac three times on the day before the cataract surgery and 

on the morning of the surgery decreased the total prostaglandin level of the 

anterior chamber of the patients undergoing femtosecond laser-assisted cataract 

surgery significantly. The total prostaglandin concentration in the 

FLACS+NSAID group was even lower than that of the Control group [Kiss et 

al, 2015; 2016]. 

From the main results of my thesis summarized above the following main conclusions 

can be drawn: 

 Changes summarized in points 1.a to 1.d. above were all significantly different. 

The LIPCOF degree characterizing the severity of conjunctivochalais was decreased 
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from the initial 2.9 requiring surgical intervention to 1.8 or 1.6 on the right or left eyes, 

respectively even after one month of Conheal® treatment reaching already the LIPCOF 

degree range, which can be treated by conservative therapies and does not require 

surgery. All other measures of dry eye disease recorded also showed significant 

improvements already after one month of Conheal® treatment. The only other known 

conservative therapy for conjunctivochalasis was published in 4 papers with a liposome 

containing eye spray, showing more moderate results for evaporative dry eye. In our 

papers, we were the first to publish a conservative treatment for conjunctivochalasis in 

keratoconjunctivitis sicca. 

 Concerning the results of our study with the femtosecond-laser assisted cataract 

surgery, we were the first to publish that the prostaglandin level elevating effect of the 

femtosecond laser pretreatment can be prevented by only one day use of topical 

conservative therapy. Our results were verified four months after our manuscript was 

submitted for publication. 

Results summarized in my thesis indicate that the two types of conservative 

therapies applied in our studies may prevent the necessity of surgical treatment in 

patients having advanced forms of keratoconjunctivitis sicca-induced 

conjunctivohalasis. Furthermore, the prevention of prostaglandin level increase during 

femtosecond laser-assisted cataract surgeries may diminish the chances of intra- and 

postoperative complications. 
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