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Purpose: To compare the effect of treatment with preservative-free dexamethasone, NSAIDs and trehalose/hyaluronic acid eye drops 
with the preservative benzalkonium chloride containing dexamethasone and NSAIDs after cataract surgery in dry versus non-dry eyes.
Patients and Methods: In this prospective randomized intervention study, dry eye tests were performed before and 6 weeks after 
cataract surgery. Patients were considered as having dry eye, SDE (sign of dry eye), if at least one of the following dry eye tests were 
abnormal; corneal fluorescein staining (CFS), non-invasive keratograph breakup time (NIKBUT) or tear osmolarity. Patients with SDE 
were randomly assigned to one of two groups. Group 1 patients were treated with dexamethasone and bromfenac eye drops with the 
preservative benzalkonium chloride (BAC). Group 2 patients were treated with preservative-free dexamethasone and preservative-free 
diclofenac, as well as a preservative-free lubricant with trehalose and hyaluronic acid both before and after surgery. Patients with 
normal tear film status acted as the control group (group 3) and received same treatment as group 1.
Results: A total of 215 patients were enrolled six weeks after surgery, the number of patients with SDE decreased significantly in 
groups 1 and 2 (p <0.001). Subjective symptoms and objective measures including osmolarity, NIKBUT, CFS, and tear film thickness 
(TFT) improved after surgery, tear production remained unchanged, while corneal sensitivity and meibomian gland dysfunction 
(MGD) parameters worsened. In the control group with normal tear-film status, SDE increased significantly after the surgery (p 
<0.001). There were no statistically significant differences in tear film parameters between the three groups after surgery.
Conclusion: After cataract surgery, patients with mild to moderate dry eyes may experience improved tear film status and reduced 
symptoms. However, we found no additional beneficial effect on dry eye parameters with treatment with preservative-free dexa
methasone, NSAIDs, and lubricants compared to preservative-containing eye drops.
Keywords: sign of dry eye, cataract surgery, osmolarity, corneal fluorescein staining, non-invasive keratograph tear break-up time, 
ocular surface disease index, meibomian gland dysfunction

Introduction
Cataract surgery is a commonly performed procedure that can significantly improve the quality of life for most patients. 
One of the most common complications of cataract surgery is the development of dry eye disease (DED).1–3 DED is 
characterized by an imbalance in the tear film resulting in ocular discomfort, visual disturbances, and potential damage to 
the ocular surface.4 There are several hypotheses about the mechanisms underlying the development of DED after 
cataract surgery, for instance: the use of eye drops with harmful preservatives, weakened reflex stimuli for tear secretion 
because the surgical incisions affect nerve endings, damage to the corneal epithelium, the increase of inflammatory 
markers and loss of mucus-producing cells (goblet cells) caused by ocular damage.2,3,5 In addition, studies have reported 
that a common contributor to postoperative discomfort is pre-existing DED.6–8

The use of combined topical corticosteroids and nonsteroidal anti-inflammatory drugs (NSAIDs) is common after 
cataract surgery, for prophylactic management and to reduce the risk of inflammation and cystoid macular edema 
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(CME).9,10 However, many of these medications contain preservatives, which in some patients have been shown to 
exacerbate dry eye symptoms and signs, such as increasing ocular surface staining and shortened tear break-up time.11,12 

The most commonly used preservative in eye drops is benzalkonium chloride (BAC),13,14 which demonstrates anti
microbial efficacy against a wide variety of common pathogens. There is considerable evidence from its use in glaucoma 
medications of its deleterious effect on the ocular surface, especially when used over an extended period.11,15

In the short term, exposure to BAC can cause ocular surface irritation, redness, and consequently surface 
inflammation.11 This is because BAC has been shown to disrupt the lipid layer of the tear film, leading to increased 
evaporation and dryness of the eye.16,17 Additionally, BAC can damage the epithelial cells of the cornea, leading to 
further inflammation and tissue damage.13,18 The threshold concentration at which toxicity occurs has been estimated to 
be ~0.005%.11

In the longer term, chronic exposure to BAC has been linked to more serious ocular conditions, such as subepithelial 
inflammation and punctate keratopathy.11 This is because BAC can penetrate the deeper layers of the cornea, causing 
damage to corneal nerves and endothelial cells.19–21 The development of DED and the cytotoxic effect of BAC have been 
linked to the number of medications, the number of drops per day and the duration of therapy.11

Other options than mere preservative-free eyedrops would be the use of preservatives that were non-toxic to the 
ocular surface, eg, Polyquaternium and oxidizing preservatives like Sodium perborate and Stabilized Oxychloro 
Complexes. These preservatives are traditionally used in contact lens solutions, but are also successfully used in 
lubricants as reviewed by Walsh and Jones.15 However, to our knowledge, NSAIDs and topical steroids for the eye 
are not available in other forms than preservative-free versions and BAC-containing versions. In addition, for the most 
severe dry eyes, preservative-free lubricants are preferable to preservative-containing artificial tears.22 Therefore, we 
decided to use preservative-free single-dose containers with NSAIDs and dexamethasone and preservative-free lubricants 
with a disinfectant bottle system.

Preservative-free formulations of ocular medications are better tolerated and cause less discomfort but can be more 
expensive and difficult to handle.23,24 Several studies have focused on the benefits of using preservative-free eye drops 
after cataract surgery. In addition, treatment with lubricants has been described as effective in resolving postoperative 
signs and symptoms of DED.25–27 Jee et al hypothesized that the combination of preservative-free steroid and lubricant 
eye drops may relieve pre-existing DED by decreasing the oxidative and inflammatory damage to the ocular surface in 
patients after cataract surgery.28

Even though the potential toxicity of preservatives and the benefits of using preservative-free medications and 
lubricants for dry eye are known, most clinics are still using traditional treatment formulations with preservatives. The 
aim of the present study was to compare the effect on dry eye of treatment with dexamethasone, NSAIDs and trehalose/ 
hyaluronic acid, all preservative-free, to the effect of dexamethasone and NSAIDs both with preservatives after cataract 
surgery. We hypothesized that the use of a preservative-free treatment regimen after cataract surgery would be more 
effective in preventing symptoms and signs of DED. To our knowledge, no previous studies have evaluated the effect of 
these treatment regimens on dry eye symptoms and signs following cataract surgery.

Materials and Methods
This prospective randomized interventional trial is part of a larger study, where a cohort of patients scheduled for cataract 
surgery were examined for DED at baseline before and after surgery. The patients were randomized to different treatment 
arms based on ocular surface signs of DED. The prevalence of DED, biometric precision, and variability related to DED, 
the significance of osmolarity as a diagnostic tool of DED, and dry eye examinations before and after surgery were 
discussed. In addition, tear film samples were collected for metabolomic and lipidomic analysis. Two articles from this 
project have already been published.29,30

In this manuscript, the changes in DED signs and symptoms after surgery are presented, the results from the different 
treatment arms are compared and the effect on DED of using a preservative-free treatment regimen is discussed. The 
study was conducted from August 2020 to January 2022 at one clinical site in Haugesund, Norway. The study followed 
the tenets of the Declaration of Helsinki and adhered to good clinical practice. It was approved by the Regional 
Committee for Medical and Health Research Ethics in Norway (Ref. 2020/64847). The original data and anonymous 
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patient files are stored on a secured server (Tjenester for Sensitive Data, TSD) at the University of Oslo. The data are 
available on request. The study protocol (Metabolomic Profile in Dry Eye Syndrome Patients) was first submitted to 
Clinicaltrials.gov on 10.08.2020 and re-posted on 27.06.2022 (NCT 05433428). The reasons for the delay were extended 
data collection time, administrative issues with the submission, and the fact that the clinic had to downscale its operations 
due to the Covid-19 pandemic. Written informed consent was obtained from all participants at their first visit.

Inclusion criteria included consecutive patients who were referred for age-related cataract surgery, 18 years or older, 
and were willing and able to participate in the study. Exclusion criteria were current corneal disease, scarring or corneal 
ectasia, lid deformities or previously performed corneal refractive procedures. Patients were instructed not to wear 
contact lenses on the days of examination and not to use any eye drops at least two hours before the examination.

Test Protocol
A preoperative assessment with a focus on dry eyes was conducted as described in the following paragraph by two 
trained technicians. One eye was randomly selected as the study eye and dry eye examinations were performed only on 
the study eye, except for osmolarity testing that was performed in both eyes as required by the manufacturer’s 
instructions.31 These examinations were also performed at the 6-week follow-up visit. Slit-lamp examination, subjective 
refraction, and biometry were also performed as part of a standard preoperative cataract surgery evaluation.

Tear osmolarity from both eyes was obtained using the TearLab osmolarity system,32 and was performed as the first 
of the examinations to avoid influence from other measures. The microchip was placed in the lateral meniscus while the 
patient was instructed to gaze superonasally to avoid touching the conjunctiva.33 Symptom scoring was performed by 
asking the subjects to answer two questionnaires, the Ocular Surface Disease Index (OSDI), and the Standard Patient 
Evaluation of Eye Dryness (SPEED).34

The Non-Invasive Keratograph Break-Up Time (NIKBUT) was obtained using the Keratograph 5M (OCULUS, 
Wetzlar, Germany) device.35 The subject was instructed to blink twice and then keep their eyes open as long as possible 
during the automatic sequence with infrared illumination. Three consecutive NIKBUT measurements were performed, 
and the average was recorded. The Lipiview instrument (Lipiview II Interferometer, TearScience Inc., Morrisville, NC) 
was used to measure the tear film thickness (TFT).36,37 Assessment of corneal fluorescein staining (CFS) was performed 
using a slit lamp biomicroscope with cobalt blue light and a yellow barrier filter. Five µL of fluorescein sodium 2% 
(without anesthesia) was instilled into the inferior fornix. After ½ to 1 minute, the corneal staining was graded according 
to the Oxford grading scheme (0–5).38 To evaluate tear secretion, the Schirmer test was performed without topical 
anesthesia (TearFlo, MDT, Krakow, Poland). Results were evaluated after 5 minutes.31 Schirmer tests were performed 
approximately 5 minutes after 5 µL of fluorescein sodium was instilled in the conjunctival sac.

The corneal sensitivity (CS) was assessed using the Cochet-Bonnet esthesiometer (Luneau SAS France).39

Meibomian gland dropout was evaluated from infrared images of the lower eyelid (Meiboscore, OCULUS 
Keratograph 5M). Finally, a slit lamp was used to assess the meibum quality and expressibility. A gentle application 
of a cotton swab was employed towards the edge of the lower eyelid, and an evaluation was conducted based on the 
visual characteristics of the meibum secretion. Expressibility was assessed on a scale from 0 to 3, with a grade of 0 
indicating that all glands were easily expressible, a grade of 1 signifying that 3–4 glands could be expressed, a grade of 2 
denoting that 1–2 glands were expressible, and a grade of 3 representing a condition where none of the glands could be 
expressed. Additionally, the quality of the meibum was rated on a scale from 0 to 3: grade 0 represented a clear meibum 
fluid, grade 1 indicated a cloudy appearance, grade 2 described a granular texture, and grade 3 characterized a thick, 
toothpaste-like consistency of the meibum.40 A summary of the order of testing with normal and abnormal values for 
each test is presented in Table 1.

Treatment Protocol
Since in the diagnostic process, we only considered a selection of objective tests for dry eyes and not subjective 
symptoms, we chose to use the term “sign of dry eye” (SDE) for those patients with abnormal values, identified as having 
dry eyes, furthermore, patients who presented with normal values, did not have dry eyes (normal).
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Patients were considered as having dry eyes (SDE) if at least one of the following dry eye tests were abnormal: CFS, 
NIKBUT average or Osmolarity. Patients with SDE were randomly assigned to one of two groups. Group 1 patients were 
treated with preserved dexamethasone 0.1% (Spersadex, Blumont Ofta Trading Ltd, Gzira, Malta) and preserved bromfenac 
0.09% (Yellox, Bausch & Lomb, Dublin, Ireland). Both eye drops contained benzalkonium chloride (BAC), with 
a concentration of 0.01% in Spersadex and 0.005% in Yellox. Group 2 patients were treated with preservative-free 
dexamethasone 0.1% (Monopex, Laboratories Thèa, Clermont-Ferrand, France) and preservative-free diclofenac 0.1% 
(Voltaren Ophtha, Laboratories Thèa, Clermont-Ferrand, France). In addition, group 2 patients were instructed to use the 
preservative-free lubricant (3% trehalose, 0.15% hyaluronic acid) Thealoz Duo (Laboratories Thèa, Clermont-Ferrand, 
France) both before and after surgery. Patients with a normal preoperative tear film acted as a control group (Group 3) and 
received the same treatment as group 1. An overview of the detailed treatment plan is presented in Table 2.

All patients underwent bilateral phacoemulsification and intraocular lens implantation in the capsular bag performed 
by the same surgeon. Preoperative disinfection with Betadine 5% (Alcon, Fort Worth, Texas, USA) and anesthesia with 
Tetracaine 1% (Bausch & Lomb, Dublin, Ireland) were applied. A 2.2 mm clear corneal incision and two side ports of 
1 mm each were used. Prophylactic intracameral cefuroxime solution (Aprokam®) was administered. The operating 
microscope used was the NGENUITY 3D Visualization System (Alcon, Fort Worth, TX, USA).

Table 1 Summary of Testing Order with Normal and Abnormal Values for Each Test

Order Test Normal Abnormal

Mild Moderate Severe

1 Tear osmolarity (mOsmol/L) <308 308–315 316–335 ≥ 336

2 OSDI (0–100) 0–12 13–22 23–32 ≥ 33

3 SPEED (0–28) < 4 4–28

4 NIKBUT (0–24 seconds) 10–24 < 10

5 TFT (0–100 nm) 75–100 < 75

6 CFS (Oxford grading scheme, 0–5) Grade 0 Grades 1 and 2 Grade 3 Grades 4 and 5

7 Schirmer 1 (0–35 mm/ 5min) 10–35 < 10

8 CS (0–60 mm) ≥ 5 < 5

9 Meiboscore (grade 0–3) Grade 0 Grade 1 Grade 2 Grade 3

10 Meibomian quality (grade 0–3) Grade 0 Grade 1 Grade 2 Grade 3

11 Meibomian expressibility (grade 0–3) Grade 0 Grade 1 Grade 2 Grade 3

Abbreviations: CFS, corneal fluorescein staining; NIKBUT, non-invasive keratograph break-up time (average); OSDI, ocular surface disease index; 
SPEED, standard patient evaluation of eye dryness; TFT, tear film thickness; CS, corneal sensitivity.

Table 2 Overview of the Medications Used in the Study

Eye Drop Preservatives Start Using Duration Daily Dose Group 1 Group 2 Group 3

Spersadex® (Dexamethasone) Yes, Benzalkonium chloride (BAC) 2 days before surgery 3 weeks X 3 x x

Yellox® (Bromfenac) Yes (BAC) 2 days before surgery 1 week x x

Monopex® (Dexamethasone) No 2 days before surgery 3 weeks x

Voltaren Ophtha® (Diclofenac) No 2 days before surgery 1 week x

Thealoz duo®  

(Trehalose, hyaluronic acid)
No 2 weeks before surgery 6 weeks x

Notes: Number of patients in each group: 76 patients in group 1, 95 in group 2, and 44 in group 3.
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Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (IBM, SPSS statistics, version 
14.0). Testing for normal distributions was performed by using the Shapiro–Wilk test. Non-normally distributed data 
were described as median with interquartile range (IQR), and categorical data were reported as numbers and percentages. 
The Kruskal–Wallis test was used to compare inter-group differences for continuous values. Pearson’s chi-square test was 
used to compare categorical values between groups. Statistical analysis of changes from baseline to 6 weeks by groups, 
was made using the non-parametric related samples McNemar change test. P-values for the comparison of dry eye tests 
before and after surgery and categorical values between group 1 and 2 were adjusted with the Bonferroni method for 
multiple comparisons. A p-value less than 0.05 was considered statistically significant.

Results
There were 224 patients enrolled in the study, but 5 patients were excluded because they were unable to complete the 
examinations. Four additional patients were excluded due to intra or postoperative complications. A total of 215 patients were 
included in the post hoc analyses, 76 patients in group 1, 95 in group 2, and 44 in group 3. The median age was 75 years in 
group 1 and 2, and 76 years in group 3. Forty-two patients (55.2%) were women in group 1, 59 (62.1%) in group 2, and 20 
(45.4%) in group 3. There were no statistically significant differences between the 3 groups with regard to age and sex.

Dry Eye Diagnosis Before and After Surgery
Table 3 displays the number of patients who were diagnosed with dry eyes according to specifications defined for this study as 
diagnostic criteria (SDE and normal) after cataract surgery for groups 1, 2, and 3. Six weeks after surgery the number of patients 
with dry eyes decreased significantly (p < 0.001) in group 1 and 2, with no statistically significant difference between the two 
groups (76.3 and 75.7%, p =0.936). Again, based on the diagnostic criteria for the study, no subjects in group 3 had dry eyes 
preoperatively, however, fifty percent of patients in this group were diagnosed as having dry eyes after surgery, and this increase 
was statistically significant (p < 0.001). With no difference between groups 1 and 2, their data could be pooled and compared 
against group 3 postoperatively. With that, we found a statistically significant difference (p = 0.001), showing patients diagnosed 
with dry eyes preoperatively, regardless of treatment, improved after surgery compared to the non-dry eye patients.

Symptoms
Table 4 displays the number and percentage of patients with subjective symptoms of dry eyes measured with the OSDI 
and SPEED questionnaire before and after surgery for group 1, 2 and 3 respectively. There were no reported differences 
in the number of patients experiencing symptoms of dry eyes between group 1 and group 2 before surgery for both OSDI 
and SPEED (p-values of 0.677 and 0.909, respectively). The incidence of patients with symptoms of dry eyes in group 3 

Table 3 Cross-Tabulation Table Presentation of the Number and Percentage 
of Patients Who Were Diagnosed with Dry Eyes According to Specifications 
Defined for This Study as Diagnostic Criteria (SDE) After Cataract Surgery for 
Groups 1, 2, and 3

Group Post-Operative, 6 Weeks p-valueb

Normal SDE % SDE p-valuea

1 (n=76) 18 58 76.3 0.936 <0.001*

2 (n=95) 23 72 75.7 <0.001*

3 (n=44) 22 22 50 <0.001*

Notes: aChi-square test, the difference between group 1 and 2 6 weeks after surgery; bChange 
from baseline to 6 weeks by groups, related samples McNemar change test (non-parametric, 
related samples); *Statistically significant; n= number of patients in each group. 
Abbreviations: SDE, sign of dry eye; diagnostic criteria, at least one dry eye test was 
abnormal.
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was high for both OSDI and SPEED (68.1% and 59%, respectively) before surgery. Postoperatively, the number of 
patients having subjective symptoms of dry eyes with the OSDI questionnaire decreased significantly in all groups. 
However, a comparison of pooled results from group 1 and 2 to results from group 3 showed no statistically significant 
difference (p=0.677).

With SPEED, the analyses showed a statistically significant decrease in symptoms in Group 1 (p = 0.001), but in 
group 2 the decrease was not statistically significant (p = 0.067). The symptoms of DED increased in group 3 after 
surgery, but the increase was not statistically significant (p = 0.549). Overall, there were no statistically significant 
differences between groups 1 and 2 after surgery.

Looking at the severity of subjective symptoms with OSDI (Figure 1), the percentage of patients with severe 
subjective symptoms of dry eyes (OSDI scores ≥ 33) was 38% in group 1, 40% in group 2, and 22% in group 3 at 
baseline. The postoperative incidence was 12.8%, 12.6% and 4% respectively. The reduction of severe symptoms from 

Table 4 Cross-Tabulation Table Showing the Number and Percentage of Patients Having Subjective Symptoms of Dry Eyes 
Measured with the OSDI and SPEED Questionnaires Before and After Surgery for Group 1, 2 and 3

Test Group Pre-Operative, Baseline Post-Operative, 6 Weeks p-valuec

No 
Symptoms

Symptoms % 
Symptoms

p-valuea No 
Symptoms

Symptoms % 
Symptoms

p-valueb

OSDI 1 23 53 69.7 0.677 45 31 40.7 0.755 <0.001*

2 26 69 72.6 54 41 43.1 <0.001*

3 14 30 68.1 27 17 38.6 0.004*

SPEED 1 21 55 72.3 0.909 39 37 48.7 0.181 0.001*

2 27 68 72.5 39 56 59 0.067

3 18 26 59 15 29 65.9 0.549

Notes: aChi-square test, the difference between group 1 and 2 at baseline; bChi-square test, the difference between Group 1 and 2, 6 weeks after surgery; 
cChange from baseline to 6 weeks after surgery by groups, related samples McNemar change test (non-parametric, related samples). Number of patients in each 
group: 76 patients in group 1, 95 in group 2, and 44 in group 3;*Statistically significant, p <0.05. 
Abbreviations: OSDI, ocular surface disease index; SPEED, standard patient evaluation of eye dryness.
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Group 2 (treated with preservative-free dexamethasone 0.1% (Monopex) and preservative-free diclofenac 0.1% (Voltaren Ophtha)). In addition, group 2 patients were 
instructed to use the preservative-free lubricant (3% trehalose, 0.15% hyaluronic acid) Thealoz Duo both before and after surgery; G3, Group 3 (same treatment as 
Group 1); Baseline (M1), pre-operative status; 6-weeks (M4), 6-weeks postoperative status.
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baseline to 6 weeks after surgery was statistically significant in all 3 groups (p<0.001), however, there was no statistically 
significant difference between groups 1 and 2.

Dry Eye Tests
Tables 5 and 6 shows the number and percentage of patients with normal and abnormal dry eye tests according to the dry 
eye tests specific diagnostic criteria (Table 1) before and after surgery for group 1, 2 and 3. No statistical significance 
differences were observed between groups 1 and 2 in patients having abnormal osmolarity at baseline and 6 weeks after 
surgery. The number of patients with abnormal osmolarity at 6 weeks decreased in group 1 and 2. The decrease was not 
statistically significant in group 1 (from 78.9% to 65.7%, p=0.064), however, it was statistically significant in group 2 
(from 86.3% to 62.1%, p <0.001). In contrast, in group 3, the number of patients with abnormal osmolarity increased 
significantly (36.3%, p<0.001) postoperatively.

Table 5 The Number and Percentage of Patients with Normal and Abnormal 
Signs of Dry Eye (SDE) at Baseline

Test Group Pre-Operative, Baseline

Normal SDE % SDE p-valuea (padj)

Osmolarity 1 16 60 78.9 0.202 (1)

2 13 82 86.3

3 44 0 0

NIKBUT 1 45 31 40.7 0.416 (1)

2 62 33 34.7

3 44 0 0

CFS 1 45 31 40.7 0.001 (0.009)*

2 32 63 66.3

3 44 0 0

Schirmer 1 32 44 57.9 1.000 (1)

2 40 55 57.9

3 21 23 52.2

TFT 1 33 40 54.7 0.274 (1)

2 50 43 46.2

3 23 19 43.2

CS 1 50 25 33.3 0.048 (0.432)

2 49 46 48.4

3 32 11 25

Meiboscore 1 20 56 73.7 0.059 (0.531)

2 14 81 85.2

3 7 37 84

(Continued)
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Table 5 (Continued). 

Test Group Pre-Operative, Baseline

Normal SDE % SDE p-valuea (padj)

Expressibility 1 13 63 82.9 0.752 (1)

2 18 77 81

3 11 33 75

Quality 1 11 65 85.5 0.312 (1)

2 9 86 90.5

3 10 34 77.3

Notes: aChi-square test, the difference between group 1 and 2 at baseline; (padj = Bonferroni-adjusted 
p-value for 9 comparisons); *Statistically significant, p < 0.05; Number of patients in each group: 76 
patients in group 1, 95 in group 2, and 44 in group 3. 
Abbreviations: SDE, sign of dry eye (abnormal dry eye sign of either NIKBUT, CFS or osmolarity); 
normal, normal dry eye sign of either NIKBUT, CFS or osmolarity; NIKBUT, non-invasive keratograph 
break-up time; CFS, corneal fluorescein staining; TFT, tear film thickness; CS, corneal sensitivity.

Table 6 The Percentages of Patients with Abnormal Dry Eye Sign (SDE) Before and 6 Weeks After 
Surgery

Test Group Pre-Operative, 
Baseline

Post-Operative, 6 Weeks

% SDE % SDE p-valueb (padj)b p-valuea (padj)a

Osmolarity 1 78.9 65.7 0.619 (1) 0.064 (1)

2 86.3 62.1 <0.001 (<0.027)*

3 0 36.3 <0.001 (<0.027)*

NIKBUT 1 40.7 32 0.910 (1) 0.327 (1)

2 34.7 31.1 0.855 (1)

3 0 15.9 0.016 (0.43)

CFS 1 40.7 13.1 0.236 (1) <0.001 (<0.027)*

2 66.3 20 <0.001 (<0.027)*

3 0 11.3 0.063 (1)

Schirmer 1 57.9 56.5 0.652 (1) 1.000 (1)

2 57.9 60 0.850 (1)

3 52.2 40.9 0.227 (1)

TFT 1 54.7 47.3 0.094 (1) 0.541 (1)

2 46.2 34.7 0.038 (1)

3 43.2 34 0.182 (1)

CS 1 33.3 45.3 0.077 (1) 0.003 (0.08)

2 48.4 58.9 0.078 (1)

3 25 54.5 0.008 (0.22)

(Continued)
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No statistical significance difference was observed between group 1 and 2, in patients having abnormal NIKBUT at 
baseline or 6 weeks after surgery. After surgery, there was a significant increase in the number of patients with an 
unstable tear film (NIKBUT) in group 3.

Pre-operatively, the number of patients having abnormal CFS was statistically significantly lower in group 1 
compared to group 2 (p=0.001). Postoperatively, the number of patients in group 1 and 2 having abnormal CFS decreased 
statistically significantly compared to baseline (p<0.001) in both groups, however, no statistically significant difference 
was observed between the two groups (p=0.236). The proportion of patients who had abnormal CFS after surgery in 
group 3 increased, though the increase was not statistically significant (p=0.63).

Analysis of the Schirmer test results showed no statistically significant difference between groups 1 and 2 at baseline 
or after surgery (p=1.00 and 0.652 respectively). Similarly, the proportion of patients with abnormal Schirmer values 
after surgery compared to baseline was the same for group 1 (p=1.00) and group 2 (p=0.850). In group 3 fewer patients 
had abnormal tear production 6 weeks after surgery compared to baseline, but the decrease was not statistically 
significant (p=0.227). However, when comparing groups 1 and 2 (pooled together) with group 3, there was 
a statistically significant difference (p=0.037).

The number of patients having an abnormal tear film thickness decreased in all groups after surgery, the decrease was 
statistically significant in group 2 (p=0.038). However, no significant inter-group difference between groups 1 and 2 was 
observed 6 weeks after surgery (p=0.094).

Pre-operatively, no differences were observed between group 1 and 2 in the number of patients having abnormal CS. 
An increase in the number of patients with reduced CS was observed at 6 weeks compared to baseline in groups 1, 2 and 
3, but the increase was not statistically significant.

Looking at the meibomian gland dysfunction (MGD) parameters, the difference in the number of patients having an 
abnormal meiboscore between groups 1 and 2 at baseline was not statistically significant (padj=0.531). The number of 
patients with an abnormal meiboscore after surgery increased in both groups 1 and 2, but the change was not statistically 
significant. Preoperative and postoperative meibomian expressibility was unchanged in groups 1, 2 and 3. For all MGD 
parameters, there were no statistically significant differences between groups 1 and 2 postoperatively.

Table 6 (Continued). 

Test Group Pre-Operative, 
Baseline

Post-Operative, 6 Weeks

% SDE % SDE p-valueb (padj)b p-valuea (padj)a

Meiboscore 1 73.7 85.5 0.435 (1) 0.012 (0.32)

2 85.2 89.5 0.125 (1)

3 84 81.8 1.000 (1)

Expressibility 1 82.9 90.7 0.775 (1) 0.109 (1)

2 81 89.5 0.021 (0.57)

3 75 84 0.289 (1)

Quality 1 85.5 94.7 0.490 (1) 0.016 (0.43)

2 90.5 96.8 0.031 (0.83)

3 77.3 79.5 1.000 (1)

Notes: aChange from baseline to 6 weeks by groups, related samples McNemar change test (Non-parametric, related samples); 
bChi-square test, the difference between group 1 and 2 6 weeks after surgery; (padj)a = Bonferroni-adjusted p-value for 27 comparisons. 
(padj)b = Bonferroni-adjusted p-value for 18 comparisons. *Significance level less than 0.05. Number of patients in each group: 76 patients 
in group 1, 95 in group 2, and 44 in group 3. 
Abbreviations: SDE, sign of dry eye (abnormal dry eye sign of either NIKBUT, CFS or osmolarity); normal, normal dry eye sign of either 
NIKBUT, CFS or osmolarity; NIKBUT, non-invasive keratograph break-up time; CFS, corneal fluorescein staining; TFT, tear film thickness: 
CS, corneal sensitivity.
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Discussion
Overall findings of this study showed that patients who initially had clinical signs of dry eyes improved after cataract 
surgery when treated with topical steroids and NSAIDs. The use of preservative-free drops and artificial tears did not 
appear to provide any additional benefit. Conversely, patients who initially had a normal tear film worsened after cataract 
surgery when treated with preservative-containing topical steroids and NSAIDs.

We found a lower percentage of postoperative patients with severe OSDI scores compared to preoperative, including 
those with a normal tear film. These results suggest that patients with severe symptoms of dry eyes may improve after 
cataract surgery, regardless of whether their drops contained preservatives or not. This may be a function of treatment 
with steroids and NSAIDs. The combination of topical NSAIDs and topical steroids with preservatives is used routinely 
after cataract surgery to prevent postoperative inflammation and CME,10 even though there is not an established 
consensus regarding post-operative treatment.41 The use of NSAIDs in treating dry eyes is controversial.42–44 

However, low-dose steroid treatment is often recommended for those with severe dry eye, to manage 
inflammation.45,46 Avunduk et al concluded that topical corticosteroids, but not topical NSAIDs, had a beneficial effect 
on both symptoms and signs of moderate to severe dry eye.47

When subjective symptoms were measured with the SPEED questionnaire, dry eye patients who received preserva
tive-free drops and artificial tears improved after surgery compared to those who received preservative-containing drops. 
The non-dry group at baseline had an unchanged symptom score after surgery when SPEED was used. This suggests that 
there could be a benefit to dry eye symptoms with preservative-free drops and lubricants. OSDI includes questions 
regarding visual function that may be affected by the presence of a cataract, while SPEED does not address any vision 
complaints. This may explain the differences between SPEED and OSDI results in our study and may indicate that the 
SPEED questionnaire may be a more accurate measure of DED symptoms in patients scheduled for cataract surgery.

Patients with a normal tear film did not receive treatment with tear film substitutes in our study. A statistically 
significant increase in the number of patients diagnosed with SDE after surgery was found in the group with a normal tear 
film at baseline. In a study involving patients undergoing cataract surgery, Cagini et al enrolled individuals with a healthy 
ocular surface. They discovered that a tear film substitute containing trehalose 3% and hyaluronic acid 15% effectively 
reduced inflammation and alleviated dry eye symptoms.25 Several studies support the importance of using tear film 
substitutes in the treatment regimen before and after cataract surgery, and suggest that preservative-free formulations are 
superior to those with preservatives.48–50

Before cataract surgery, non-dry eye patients might not have exhibited significant dry eye symptoms or signs because 
their tear film and ocular surface were relatively healthy. However, after cataract surgery, various factors associated with 
the surgical procedure could have triggered or exacerbated dry eye symptoms and signs in these patients, such as pre and 
perioperative anesthetics, antibiotics and disinfection medications, corneal incisions, light exposure, and postoperative 
medications.51–53 This could result in symptoms and signs that are more severe compared to patients who already had 
some degree of dry eye before the surgery.

With the dry eye tests performed in this study, we found no statistically significant differences between patients 
treated with preservative-free eyedrops versus preserved. However, our results show that patients diagnosed with 
preoperative SDE improved in both symptoms and objective signs, regardless of treatment, and that patients with 
preoperative non-dry eye worsened. For patients with pre-existing dry eyes, treatment with corticosteroids can provide 
rapid and effective relief of both signs and symptoms.54 Along with the fact that dry eyes after cataract surgery can be 
a transient condition with gradual improvement 4–6 weeks after surgery, can explain our findings.55,56 Patients who did 
not have SDE preoperatively (group 3), had higher osmolarity and an aggravation of CFS after surgery. This is in line 
with other studies that concluded that cataract surgery causes the onset or worsening of dry eyes for patients without 
preexisting dry eyes.50,57,58

Interestingly, all meibomian gland measurements remained unchanged after surgery regardless of preoperative dry 
eye status and use of preservatives. A recent study conducted by Malmin et al finds that repeated intravitreal injections 
(IVs) with anti-vascular endothelial growth factor (anti-VEGF) with preoperative povidone-iodine (PVP-I) application 
was associated with reduced meibomian gland (MG) loss, increased tear volume and reduced signs of inflammation.59 
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A suggested cause was the antibacterial properties of PVP-I, which is also used before cataract surgery. This is an area 
for potential future research.

Previous studies of signs and symptoms of dry eye patients after cataract surgery suggest a short-time aggravation of 
dry eyes, with a peak around 1 week, and a gradual improvement, returning to preoperative values 1–3 months after 
cataract surgery.57,60,61 On the other hand, some authors propose that preservative toxicity depends on daily dosing, the 
duration of the treatment and the concentration of preservatives in the administered solution. This is documented in 
numerous studies where a majority are glaucoma patients, who have long and chronic exposure to BAC.20,51,62,63 We did 
use eye-drop formulations with BAC concentrations of 0.01 and 0.005%, with a total exposure time of 3 weeks after 
surgery for patients in group 1 and 3. In addition, the postoperative examinations were performed 3 weeks after 
discontinuation of eye drop treatment, which might suggest that the tear function returned to preoperative levels. This 
may explain our findings of little difference between group 1 and 2. Several studies suggest a correlation between 
preservatives and dry eyes after cataract surgery. Jun et al showed that preservative-free 3% diquafosol, had better 
efficacy in treating dry eyes than a similar solution with preservatives, with a total exposure time of 12 weeks after 
cataract surgery.64 In addition Jee et al compared preservative-free sodium hyaluronate 0.1% eyedrops and preservative- 
free fluorometholone 0.1% eye drops to eye drops containing preservatives with a total exposure time of 8 weeks after 
surgery, showing that patients receiving preservative-free eyedrops improved in symptoms and signs of DED.28 Both 
studies had longer exposure time to preservatives and longer observation time than our study, potentially explaining the 
different results.

There are limitations to this study. First, we had only one postoperative study visit, at 6 weeks. Observation at several 
additional time periods might have been helpful. Second, the introduction of an eye drop containing hyaluronic acid and 
trehalose in the preservative-free group, might have masked the effect of using preservative-free corticosteroids and 
NSAIDs. Third, we did not note the total duration of surgery and the cumulative dissipated energy (CDE) for each 
procedure. Increased duration of surgery, prolonged microscopic light exposure and CDE energy used are some of the 
risk factors for developing postoperative dry eyes.57

Conclusion
After cataract surgery, patients with mild to moderate dry eyes may experience improved tear film status and reduced 
symptoms. However, we found no additional beneficial effect on dry eye parameters with treatment using preservative- 
free dexamethasone, NSAIDs, and trehalose/hyaluronic acid compared to dexamethasone and NSAID with preservatives.
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