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Purpose: This study aimed to compare the efficacy of using a combination of antibiotic and corticosteroid eye drops to using the 
same combination in addition to sodium hyaluronate eye drops.
Patients and Methods: This study included patients who underwent phacoemulsification for age-related cataract and presented to 
the ophthalmology department or outpatient clinic of the two hospitals in the study with DED during the period from January 2020 to 
January 2023. The study involved a two-pronged approach in which we retrospectively analyzed the prospectively maintained data of 
the patients and prospectively called the patients for an evaluation of the dry eye impact on vision-related function. The study patients 
were recruited from two hospitals. During the study period, patients who were treated with a combination of antibiotic and 
corticosteroid eye drops were enrolled in Group A, and those who were treated with the same combination with sodium hyaluronate 
eye drops were enrolled in Group B.
Results: The present study included 143 patients with post-phacoemulsification DED. Group A included 70 patients, and Group 
B included 73 patients. There was statistically significant improvement 4 weeks after treatment (p < 0.05) in the two groups. 
Comparing the two groups showed statistically significant improvements in group B compared to group A (p < 0.05). Assessment 
of the overall efficacy outcome revealed a statistically significant high percentage of cure (35.6% vs 1.4%) and high effectiveness 
(42.5% vs 13.6%) and a low percentage of effectiveness (21.9% vs 74.3%) and ineffectiveness (0.0% vs 5.7%) in Group B compared 
to Group A (p < 0.001).
Conclusion: Combining sodium hyaluronate eye drops with tobramycin and dexamethasone eye drops yielded obviously better 
efficacy outcomes compared to using tobramycin and dexamethasone eye drops alone.
Keywords: cataract surgery, dry eye disease, sodium hyaluronate

Introduction
Cataracts are commonly encountered in clinical practice, with subsequent increases in prevalence. The visual impairment 
caused by cataracts affects the patients’ quality of life as it can lead to difficulties in performing routine activities, 
including reading, driving, and recognizing faces. Additionally, cataracts can contribute to an increased risk of falls and 
injuries.1,2 The current surgical procedures for cataract surgery provide outstanding outcomes in terms of efficacy and 
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safety.1,2 However, there are still potential surgery-related adverse events, which could be sight- or non-sight- 
threatening.3 One of the cataract-related complications is dry eye disease (DED),4 with a prevalence of up to 22% in 
patients undergoing non-complicated cataract surgeries during the first week postoperatively.5

Patients with DED present with eye dryness, photophobia, ocular fatigue, and foreign body sensations.6,7 Dry eye 
disease imposes a negative impact on the quality of vision (QOV) and quality of life (QOL).8 Therefore, it is essential to 
search for an ideal treatment that eliminates postoperative DED. The methods of DED treatment comprise using anti- 
inflammatory eye drops or artificial tears independently. Both of them showed limited symptoms’ improvement.9 Indeed, 
new modalities like intense pulsed light (IPL) have shown promise in managing postoperative DED. IPL therapy, with its 
anti-inflammatory and meibomian gland-targeting effects, presents an innovative approach to addressing dry eye 
symptoms. However, despite its potential benefits, one significant drawback is the associated expenses. The costs of 
IPL treatment can vary, and it may not be financially feasible for all individuals.10 Other more aggressive methods 
include lacrimal gland transplantation and embolization.11

While previous investigations have explored various treatment regimens for dry eye, including antibiotics and 
corticosteroid eye drops, there remains a paucity of evidence regarding the efficacy of combined eye drop regimens.12 

Notably, sodium hyaluronate, as an artificial tear, is recognized for its conjunctival and corneal moisturizing properties13 

and has shown reported improvements DED symptoms following cataract surgery.14 The inclusion of sodium hyaluronate 
in the combined regimens is a less-explored aspect in the existing literature. This study aimed to contribute to this gap in 
knowledge by comparing the efficacy of a combination of antibiotic and corticosteroid eye drops with and without the 
addition of sodium hyaluronate eye drops.

Materials and Methods
This study included patients who underwent phacoemulsification for age-related cataract and presented to the ophthal-
mology department/outpatient clinic of the two hospitals in the study with DED during the period from January 2020 to 
January 2023. The study involved a two-pronged approach in which we retrospectively analyzed the prospectively 
maintained data of the patients and prospectively called the patients for an evaluation of the dry eye impact on vision- 
related function. The study commenced after being approved by the Research Ethics Committee of faculty of medicine 
South Valley University with approval code of SVU\MED|OPHO26\7\22\3\363 and in adherence to the Helsinki 
Declaration with. From all patients, there were informed consent for participating in this research.

Patients who consecutively presented to the ophthalmology department with diagnostic criteria for postoperative DED15 

were eligible for the study. The diagnosis was established based on a combination of symptoms, such as ocular dryness, 
photophobia, ocular fatigue, and foreign body sensations, as well as abnormal results from one or more diagnostic tests. These 
tests included Tear Break Up Time (TBUT), Schirmer I test, and fluorescein corneal staining (FS) level. A TBUT of less than 
10 seconds, a Schirmer’s I test result of less than 10 mm in 5 minutes, and an FS score higher than 0 was considered 
abnormal.16–18

Patients with other postoperative complications, other eye disorders, previous eye surgery, autoimmune diseases, 
diabetes mellitus, or thyroid disease were excluded from the study. Patients who received drugs affecting eye dehydration 
(such as antihistaminics, diuretics, and glaucoma treatment) or other medications to treat DED and those with incomplete 
follow-up data or who did not respond to a call for evaluation of the impact of dry eye symptoms on quality of life using 
the ocular surface disease index (OSDI) questionnaire were also excluded.

Sample Size Calculation
For sample size calculation in this study, G*Power 1.3.9.7 software was used. The calculation was conducted using the 
formula for comparing two independent proportions. Specifically, we used the formula based on the Z-test for propor-
tions, taking into account the reported efficacy scores from a similar published study,19 which found that adding sodium 
hyaluronate increased the efficacy scores from 88.9% to 99%. The minimum number of participants required in each 
group to achieve a statistically significant result with a confidence level of 95% (α level of 0.05) and a power of 80% was 
68 patients in each group.
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Study Groups
The study patients were recruited from two hospitals. During the study period, patients who were treated with 
a combination of antibiotic and corticosteroid eye drops were enrolled in Group A, and those who were treated with 
the same combination with sodium hyaluronate eye drops were enrolled in Group B.

Patients in group A received tobramycin (15 mg) and dexamethazone (5 mg) (Alcon Couvreur NV, Belgium) for 4  
weeks (1–2 drops 4 times/day). Patients in group B received additional 0.24% sodium hyaluronate (Bausch + Lomb, 
Canada) as 1–2 drops 4 times per day. The used sodium hyaluronate drops are preservative-free and the ingredients of the 
used bottles were 2.4 mg/mL (0.24%) sodium hyaluronate, sodium chloride, potassium, chloride, disodium phosphate 
dodecahydrate, sodium dihydrogen phosphate-dihydrate, and water for injection.

Data Collection and Efficacy Evaluation
The patients’ baseline demographic and clinical data were extracted. The pre-treatment and one-month after-treatment ocular 
examination indices were recorded and analyzed. These tests include Tear break up time (TBUT) that was done using 
fluorescein corneal staining,16 Schirmer I test that was performed without anesthesia,17 and fluorescein corneal staining (FS) 
level, which was graded as 0: no staining, 1: minimally depicted staining, 2: moderately detected staining, and 3: obviously 
visible staining. In our study, the ocular surface staining grading system comprised four categories: Grade 0 indicated no 
staining, denoting a healthy ocular surface; Grade 1 represented minimally detected staining, reflecting a subtle or faint 
presence of fluorescence, suggestive of minor, localized disruption to the tear film; Grade 2 indicated moderately detected 
staining with affection of half or less of the corneal surface, signifying a more noticeable and widespread fluorescence pattern, 
indicative of a moderate level of ocular surface disruption; and Grade 3 denoted obviously visible staining, revealing 
a pronounced and readily apparent presence of fluorescence, with affection of more than half of the corneal surface indicating 
a significant disruption of the tear film. These grades were assigned based on careful observation using a slit lamp with cobalt 
blue light after fluorescein corneal staining and was devised by Ogawa et al.18

The ocular surface disease index (OSDI) questionnaire was used to assess the impact of ocular dryness on vision-related 
function.20 It entailed an 12-item assessment, with 0 to 4 points assigned for each item. The net resultant score is the sum of all 
items’ scores multiplied by 25 and divided by the number of evaluated items. A higher score indicates a more severe condition.

The overall efficacy outcome was classified as:

● Cure: if the symptoms totally disappeared and the ocular examination indices were within a normal range: a TBUT 
of 10 seconds or more, A Schirmer’s I test result of 10 mm or more in 5 minutes, and an FS score of 0.

● High effectiveness: if the symptoms were considerably relieved and the results of one test were borderline: a TBUT 
of 5–10 seconds, A Schirmer’s 1 test result of 5–10 mm in 5 minutes, or an FS score of 1.

● Effectiveness: if the symptoms were partially relieved and the results of one test were abnormal (a TBUT of < 5 seconds, 
A Schirmer’s 1 test result of 5 mm in 5 minutes, or an FS score of 2), or if the results of more than one test were borderline,

● Ineffectiveness: if persistent or worsened symptoms and the results of more than one test were abnormal.

Study Outcomes
The primary outcome of the present work was the potential difference in the ocular dryness indices and the overall efficacy 
category between the two study groups. The secondary outcome was the difference in OSDI scores between the two groups.

Statistical Analysis
The obtained data and the eye measurements in the study groups were statistically analyzed using SPSS statistical 
software, version 28 (IBM Corp., Armonk, NY, USA). Numerical values were presented as mean ± standard deviation 
(SD) or median (interquartile range, IQR) and compared using an independent t-test, paired t-test, Mann–Whitney test, or 
Wilcoxon signed rank test, as appropriate. Categorical values were expressed as frequencies and percentages and 
compared using the Chi-square test or the Z test for proportions accordingly. A p-value less than 0.05 was considered 
statistically significant.
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Results
The present study included 143 patients with post-phacoemulsification DED. Group A included 70 patients with a mean 
age of 60.97 ± 6.75 years and a male percentage of 60% (n = 42). Group B included 73 patients with a mean age of 60.27 
± 6.33 years and a male percentage of 60.3% (n = 44). Smoking prevalence was 11.4% (n = 8) and 15.1% (n = 11) in the 
two groups, respectively. As shown in Table 1, both groups were comparable in the mean age (p = 0.262), sex 
distribution (p = 0.973), and smoking prevalence (p = 0.521).

The mean/median pre-treatment and 4-week post-treatment TBUT, Schirmer I, and FS values in the two groups are 
presented in Table 1 and Figures 1–3. Both groups showed no statistically significant difference in the baseline measures 
(p > 0.05). There was statistically significant improvement 4 weeks after treatment (p < 0.05) in the two groups. 
Comparing the two groups showed statistically significant improvements in group B compared to group A (p < 0.05).

Assessment of the overall efficacy outcome revealed a statistically significant high percentage of cure (35.6% vs 
1.4%) and high effectiveness (42.5% vs 13.6%) and a low percentage of effectiveness (21.9% vs 74.3%) and ineffec-
tiveness (0.0% vs 5.7%) in Group B compared to Group A (p < 0.001).

Table 1 Pretreatment and Post Treatment Data of the Examined Patients

Group A  
(n = 70)

Group B  
(n = 73)

p-value

Age (years): Mean ± SD 60.97 ± 6.75 60.27 ± 6.33 0.262a

Sex: N (%) Male 42 (60%) 44 (60.3%) 0.262b

Female 28 (40%) 29 (39.7%)

Smoking: N (%) 8 (11.4) 11 (15.1%) 0.521c

TBUT: Mean ± SD Pretreatment 3.8 ± 1.37 3.96 ± 1.58 0.522a

Post treatment 7.53 ± 1.58 9.19 ± 1.39 < 0.001*a

p-value < 0.001*d < 0.001*d

Schirmer I: Mean ± SD Pretreatment 6.6 ± 1.97 6.41 ± 2.05 0.287a

Post treatment 10.1 ± 3 12.75 ± 2.29 < 0.001*a

p-value < 0.001*d < 0.001*d

FS: Median (IQR) Pretreatment 2 (2–2) 2 (2–3) 0.231e

Post treatment 1 (0–1) 0 (0–0) < 0.001*e

p-value < 0.001*f < 0.001*f

Duration between treatment and OSDI 
assessment: Mean ± SD (months)

18.3 ± 7.31 17.2 ± 6.89 0.178a

OSDI: Mean ± SD 15.78 ± 5.85 11.27 ± 3.59 < 0.001*a

Overall efficacy: N (%) Cure 1 (1.4%) 26 (35.6%) < 0.001*b

High effectiveness 13 (18.6%) 31 (42.5%)

Effectiveness 52 (74.3%) 16 (21.9%)

Ineffectiveness 4 (5.7%) 0 (0%)

Notes: aIndependent t-test, bChi-square test, cZ test for proportion, dPaired t-test, eMann–Whitney test, fWilcoxon signed 
ranks test, *Statistically significant. 
Abbreviations: OSDI, ocular surface disease index; TBUT, tear break-up time; FS, fluorescein corneal staining, IQR, 
interquartile range, SD, standard deviation.
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The mean duration between treatment and OSDI assessment was 18.3 ± 7.31 months in group A and 17.2 ± 6.89 
months in group B, with a statistically insignificant difference (p = 0.178). The post-treatment mean OSDI score value in 
Group A was 15.78 ± 5.85 and in Group B was 11.27 ± 3.59 (Figure 4). The post-treatment mean OSDI score value in 
Group B was significantly lower than its counterpart in Group A (p < 0.001).

Discussion
While advancements in research, clinical practices, and technology often prioritize preventing sight-threatening compli-
cations, it is crucial not to overlook the importance of addressing and reducing less severe adverse events of cataract 

Figure 1 Pretreatment and Post treatment TBUT values in the study groups.

Figure 2 Pretreatment and Post treatment Schirmer I values in the study groups.
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surgery. These events, although not sight-threatening, can greatly affect the patient’s quality of life. An instance of this is 
dry eye disease, where the negative impacts of cataract surgery on the eye’s surface can lead to the development or 
worsening of DED, both directly and by exacerbating any pre-existing conditions.4,21

Patients with dry eye after cataract surgery have continuous discomfort that impairs their quality of life and hinders 
recovery from surgery. Tobramycin and dexamethasone eye drops, being a combination of antibiotic and corticosteroid, 
have an anti-inflammatory effect that accelerates healing of the surgical incision and relieves the dryness symptoms.12 

The composition of sodium hyaluronate shares key components with tears, facilitated the lubrication of the ocular surface 
and accelerating the adhesion of corneal epithelial cells, which helps restore the tear film’s stability and alleviate the 
symptoms of dry eye.22 Nevertheless, there are scarce research studies assessing the clinical efficacy of combining 
sodium hyaluronate with conventional anti-inflammatory eye drops in the treatment of DED after surgery for cataract.

Figure 3 Pretreatment and Post treatment FS scores in the study groups.

Figure 4 Post treatment OSDI values in the study groups.
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The present work showed that treatment in both groups resulted in significant improvement of the patients’ condition, 
which ensured the anti-inflammatory effect of tobramycin and dexamethasone eye drops. However, when sodium 
hyaluronate was added, a significantly better outcome was evident, with a complete cure in more than a quarter of 
patients after 4 weeks of treatment. A statistically significant difference was noted in the TBUT values, reflecting an 
obvious effect on the stability of the tear film. Similar results were shown for Schirmer I test results, denoting that sodium 
hyaluronate may be involved in tear secretion. A significantly lower FS score was shown in the sodium hyaluronate- 
added group. This indicates significantly fewer areas of damage or dryness in the corneas. Moreover, the OSDI scores, 
which were assessed after a mean period of more than one year after treatment, were significantly better in the sodium 
hyaluronate-added group. This indicates that sodium hyaluronate effectively alleviated dry eye symptoms, improved 
ocular surface health and comfort, and enhanced the overall well-being of the patients in that group.

Similar findings were reported in the few earlier studies that assessed the benefit of adding sodium hyaluronate to the 
treatment regimen of DED after cataract surgery.14,16,23 Chen et al14 observed that sodium hyaluronate was able to restore the 
structure of the tear film and improve the regularity of the corneal surface. In agreement with our study, Lu et al16 found that 
combining sodium hyaluronate with pranoprofen, tobramycin, and dexamethasone improved the curative effect compared to 
when sodium hyaluronate was lacking. Yang and Wang23 reported that sodium hyaluronate combined with pranoprofen had 
effectively treated DED and was able to enhance tear secretion, keep ocular moisture, recover tear film stability, and improve 
the patients’ quality of life. Moreover, Duan and Tang24 investigated the clinical efficacy of sodium hyaluronate, compound 
dextran, and polyethylene glycol eye drops in the treatment of DED after cataract surgery and found that sodium hyaluronate 
outperformed the two other medications. This was supported also by the recent study of Chen et al25 who reported that sodium 
hyaluronate eye drops added in the early stage after phacoemulsification could restore the structure of tear film and improve 
the regularity of corneal surface. In their study, sodium hyaluronate at a concentration of 0.3% showed better efficacy than that 
of 0.1% concentration.

The obvious reproducibility of sodium hyaluronate eye drops in DED could be explained given their physical and chemical 
characteristics. Sodium hyaluronate, also referred to as hyaluronic acid, is a complex polysaccharide biomaterial with a high 
molecular weight. It is composed of repeated N-acetyl-glucuronide units and is commonly found in the form of a sodium salt. 
This biopolymer occurs naturally in all vertebrates and possesses the ability to attract and bind a significant quantity of water 
molecules. It has the capacity to stabilize the aqueous layer, prolong the duration before tear film disruption occurs, and has the 
capability to associate with fibrin, thereby enhancing the adherence and spreading of corneal epithelial cells. Consequently, it aids 
in the facilitation of corneal epithelium recovery.26 Sodium hyaluronate has the capacity to retain a considerable number of water 
molecules within its structure, which contributes to its outstanding water retention properties27 and can impede the rapid 
evaporation of water from the tear film.28 A sodium hyaluronate solution with a concentration of 0.3% possesses a molecular 
weight ranging from 500,000 to 1,200,000 Da. It exhibits enhanced adherence compared to a 0.1% solution, which constitutes its 
primary benefit. Furthermore, it has the capability to linger on the corneal surface for an extended duration, contributing to 
improved moisturization. Sodium hyaluronate of intermediate molecular weight, obtained through a refining process, is better 
equipped to attain an optimal equilibrium between effectiveness and comfort, which was used in the current study.

While our study has shed light on the comparative efficacy of treatment regimens for post-phacoemulsification DED, there 
are promising avenues for future research. Firstly, investigations into the long-term outcomes of the studied interventions 
could provide valuable insights into the sustained effectiveness and potential recurrence of DED symptoms. Additionally, the 
inclusion of diverse patient populations in future studies will contribute to a more comprehensive understanding of treatment 
responses across various demographics and clinical profiles. Exploring the impact of age, gender, and other factors on 
treatment outcomes may unveil nuanced patterns that can inform personalized approaches to DED management. Moreover, 
considering the rapid advancements in diagnostic technologies, incorporating novel tools for assessing DED severity and 
progression could refine the precision of treatment evaluations. Exploring the integration of cutting-edge diagnostic methods, 
such as Optical Coherence Tomography (OCT) and In Vivo Confocal Microscopy (IVCM), may enhance our ability to tailor 
interventions to individual patient needs. Furthermore, the exploration of emerging treatments and therapeutic modalities in 
future research is essential. Investigating the efficacy of innovative interventions or pharmaceutical agents that have shown 
promise in preclinical or early clinical studies could open new avenues for more effective and targeted DED management. 
Additionally, the design and implementation of randomized controlled trials (RCTs) in future research are essential for 
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establishing a stronger evidence base. Rigorous RCTs will not only validate the comparative efficacy observed in our study but 
also provide more robust insights into causal relationships and treatment effectiveness.

This study is limited by the retrospective design, that did not allow randomization of participants or double blinding, 
and the short-term follow-up. However, parallel to the retrospective analysis, a crucial component of the study involved 
the initiation of a questionnaire-based assessment. This approach allowed for the capture of real-time insights, subjective 
experiences, and perspectives of the participants, which provided a multifaceted exploration of the effectiveness of 
sodium hyaluronate in the treatment of DED.

Conclusion
In conclusion, our investigation into the management of post-phacoemulsification DED has yielded substantial insights. 
The integration of sodium hyaluronate eye drops with tobramycin and dexamethasone eye drops has emerged as 
a promising therapeutic approach, demonstrating markedly superior efficacy outcomes when compared to the use of 
tobramycin and dexamethasone eye drops alone.

The observed enhancements encompassed various facets of treatment response, including a higher percentage of cure, 
elevated levels of high effectiveness, and a notable decrease in the percentage of ineffectiveness. This signifies not only 
the immediate impact on DED symptoms but also hints at the potential for long-term benefits. Continued research, 
including larger-scale randomized controlled trials and long-term follow-ups, will be pivotal in further validating these 
results and elucidating the nuanced mechanisms underlying the observed improvements.
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