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Background: Astigmatism frequently complicates cataract surgery, adversely affecting
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Published 2025-06-15 intraocular lens (I0L) implantation for astigmatism correction, particularly in populations with
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N e i i incision and toric IOL techniques for reducing residual astigmatism and improving uncorrected

Authors’ Contributions visual acuity following cataract surgery, with the expectation that toric I0Ls would yield

Concept: WA; Design: RN; Data superior refractive outcomes. Methods: In a comparative cross-sectional study conducted at

g?;';lcr:'o’llvis ek Selzetes WIS tertiary eye hospitals in Lahore, Pakistan, 368 adults (aged 30-70 years) with pre-existing

¢ regular astigmatism (-0.75 to -3.75 D) were consecutively enrolled and allocated to either

cornealincision or toric IOL groups. Exclusion criteriaincluded prior ocular surgery and corneal
pathology. Preoperative, intraoperative, and postoperative data were collected using a
standardized proforma, with outcomes assessed at three follow-up visits. Primary endpoints
were residual astigmatism and uncorrected visual acuity, analyzed using ANOVA and Wilcoxon
signed-rank tests in SPSS 27. Ethical approval and written informed consent were obtained in
accordance with the Declaration of Helsinki. Results: At the third follow-up, the toric IOL group
achieved significantly lower mean residual astigmatism (-0.25 + 0.34 D) compared to the
corneal incision group (-0.69 + 0.44 D; mean difference 0.44 D, 95% Cl: 0.33 to 0.55, p < 0.001),
and a greater proportion achieved <0.50 D (79.9% vs. 33.2%; OR 7.89, 95% ClI: 4.80 to 12.97).
Uncorrected visual acuity was also superior toric I0Ls (mean LogMAR 0.13 vs. 0.21, p < 0.001).
Complication rates were low and similar between groups. Conclusion: Toric IOL implantation
provides more precise and stable astigmatism correction and better visual outcomes than
corneal incision techniques in cataract surgery, supporting its preferential use for moderate to
high astigmatism in clinical practice.
Keywords: Astigmatism, Cataract Surgery, Toric Intraocular Lenses, Corneal Incision, Visual
Acuity, Refractive Errors, Cross-Sectional Studies

INTRODUCTION

ataracts represent a leading cause of visual impairment globally, with a particularly high burden in low- and middle-income

countries. The progressive opacification of the eye’s natural lens leads to diminished visual acuity, increased glare, and

compromised quality of life (1). Epidemiological data highlight that cataract is responsible for nearly half of global blindness,
with prevalence estimates suggesting that over 65 million people are affected worldwide (2,3). In Pakistan and other regions within
the Eastern Mediterranean, cataracts account for more than half of all cases of blindness, imposing a substantial socio-economic
burden (6). Despite advances in surgical techniques, the challenge of correcting pre-existing astigmatism during cataract surgery
remains central to optimizing postoperative visual outcomes(4,8).

Astigmatism, acommon refractive error characterized by irreqgular curvature of the cornea or lens, frequently coexists with cataract,
further reducing uncorrected visual acuity and affecting patient satisfaction following surgery (8,9). Two principal strategies have
emerged for astigmatism correction during cataract surgery: precise placement of corneal incisions at the steepest meridian, known
as clear corneal incision (CCl), and the use of toric intraocular lenses (IOLs), which are specifically designed to counteract corneal
cylinder (9-13). The CCl technique leverages surgically induced flattening of the cornea to reduce astigmatism, and while it is cost-
effective and technically straightforward, its efficacy is typically limited to lower degrees of astigmatism and may be influenced by
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the surgeon’s skill and individual corneal healing responses (4,14-16). Conversely, toric I0L implantation enables simultaneous
management of both cataract and moderate to high astigmatism in a single procedure, offering the potential for superior refractive
accuracy and long-term stability (17,21,22). However, toric IOLs require meticulous intraoperative alignment to the intended axis, and
postoperative lens rotation may compromise outcomes if not adequately controlled (23).

While both techniques are widely practiced, there remains ongoing debate in the literature regarding their comparative
effectiveness, particularly in relation to the degree of astigmatic correction, visual acuity outcomes, risk of regression, and overall
patient satisfaction (15,18,19,23). Although prior studies have examined the refractive results and postoperative complications
associated with each technique individually, direct head-to-head comparisons, especially within South Asian populations, are limited.
Existing evidence is complicated by heterogeneity in study populations, surgical methods, and follow-up durations, underscoring a
need for robust comparative data to inform clinical decision-making and guideline development. Importantly, the choice of technique
is not only driven by refractive targets, but also by patient-specific factors such as ocular anatomy, economic considerations, and
expectations for visual rehabilitation (4,16,22).

Addressing this knowledge gap, the present study aims to directly compare the corneal incision and toric IOL techniques in patients
undergoing cataract surgery with pre-existing astigmatism, focusing on postoperative residual astigmatism and visual acuity
outcomes. By evaluating both techniques within arepresentative cohort and standardized surgical and follow-up protocols, this study
seeks to generate evidence to guide personalized surgical planning for optimal visual rehabilitation. The central research questionis:
Does toric intraocular lens implantation provide superior astigmatic correction and visual outcomes compared to corneal incision
techniques in patients undergoing cataract surgery for astigmatism management?

MATERIALS AND METHODS

This comparative cross-sectional study was conducted to evaluate and compare the effectiveness of corneal incision and toric
intraocular lens (10L) techniques for the management of astigmatism in patients undergoing cataract surgery. The study was carried
out in multiple tertiary eye hospitals in Lahore, Pakistan, from November 2023 to February 2024. All patients presenting for cataract
surgery during the study period were considered for inclusion if they were aged between 30 and 70 years, diagnosed with visually
significant cataract, and had documented pre-existing regular corneal astigmatism ranging from -0.75 to -3.75 diopters. Patients
with previous ocular surgery, irregular astigmatism, coexisting corneal pathology, active ocular infection, or systemic conditions that
could compromise postoperative healing were excluded. Participants were selected consecutively from preoperative clinic lists, and
eligibility was confirmed through review of clinical records and slit-lamp biomicroscopy by experienced ophthalmologists.

Eligible patients were approached in person, and the study objectives and procedures were explained before written informed
consent was obtained. All study activities adhered to the tenets of the Declaration of Helsinki, with study approval granted by the
Institutional Review Board of each participating hospital. To protect patient confidentiality, data were anonymized using unique study
codes, and all electronic records were stored on password-protected computers accessible only to the study team. Participants were
allocated to one of two groups based on the planned surgical approach determined by the consulting ophthalmologist, considering
the patient's refractive needs, corneal curvature, and economic factors. Group | underwent standard phacoemulsification cataract
surgery with toric IOL implantation, while Group Il underwent phacoemulsification with a clear corneal incision placed on the steepest
meridian. The decision regarding incision site and toric IOL power was quided by preoperative keratometry and biometry, with
calculations performed using manufacturer-recommended software and standardized IOL power calculation formulas. All surgical
procedures were conducted by experienced surgeons using uniform operative protocols and aseptic precautions to minimize
procedural variability.

Baseline demographic and clinical data, including age, sex, laterality, preoperative visual acuity, and keratometric astigmatism, were
recorded using a structured data collection proforma designed specifically for this study. Preoperative assessment included
automated and manual refraction, slit-lamp examination, intraocular pressure measurement, and dilated funduscopy. Postoperative
follow-up evaluations were scheduled at one, two, and three months following surgery, during which uncorrected and best-corrected
distance visual acuity and residual refractive cylinder were measured. Refraction was performed by certified optometrists using
standardized protocols to ensure inter-rater reliability, and all measurements were entered into a centralized database immediately
following each assessment.

The primary study variables were the magnitude of residual astigmatism and uncorrected visual acuity at each follow-up interval.
Secondary variables included demographic characteristics, intraoperative complications, and any postoperative adverse events.
Operational definitions for astigmatism, visual acuity, and other study measures were based on established ophthalmic criteria to
ensure consistency and reproducibility. To address potential sources of bias, all outcome assessors were masked to the surgical
technique, and standard protocols were used for refraction and visual acuity assessment. Confounding was minimized by restricting
inclusion to patients with regular corneal astigmatism, using the same phacoemulsification technique in both groups, and by
adjusting for baseline covariates during statistical analysis. A priori sample size estimation indicated that 184 participants per group
(total n=368) would provide at least 80% power to detect a clinically meaningful difference of 0.25 diopters in residual astigmatism
between groups, assuming a two-sided significance level of 0.05 and a standard deviation of 0.75 diopters. The sample size was
inflated to account for potential attrition and missing data.
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Statistical analysis was conducted using SPSS version 27. Descriptive statistics summarized demographic and baseline clinical
characteristics. The primary analysis compared mean residual astigmatism and visual acuity between groups at each follow-up using
analysis of variance (ANOVA) for repeated measures, with adjustment for age, sex, and preoperative astigmatism as covariates. The
Wilcoxon signed-rank test was used to assess within-group changes over time. Missing data were handled using complete-case
analysis, and sensitivity analyses were performed to confirm the robustness of findings. Subgroup analyses by degree of preoperative
astigmatism and age category were planned a priori. A p-value less than 0.05 was considered statistically significant for all
comparisons. Quality assurance procedures included double data entry, periodic audits of source documents, and verification of
statistical outputs by a second analyst. To facilitate reproducibility, the study protocol, raw datasets, and all analytic code were
archived and are available upon reasonable requests. Throughout the study, strict measures were implemented to maintain the
integrity, confidentiality, and traceability of all research data(6,8,21).

RESULTS

A total of 368 participants completed the study, with 184 assigned to the corneal incision group and 184 to the toric intraocular lens
(I0L) group. The mean age of the corneal incision group was 45.71years (standard deviation [SD]7.11), while the toric IOL group had a
mean age of 46.85 years (SD 8.21). Males comprised 58.7% (n = 108) of the corneal incision group and 60.3% (n = 111) of the toric IOL
group, with no statistically significant difference in sex distribution between groups (p = 0.761). The baseline magnitude of
preoperative astigmatism was comparable, averaging -2.38 diopters (D, SD 0.76) in the corneal incision group and -2.37 D(SD 0.76) in
the toric I0L group (p = 0.926). Following surgery, both groups exhibited significant reductions in mean residual astigmatism, but the
extent of correction differed substantially. At the first follow-up, the corneal incision group achieved a mean residual astigmatism of
-1.88 D (SD 0.76), while the toric IOL group reached -1.37 D (SD 0.74). This difference was statistically significant, with a mean
intergroup difference of 0.51D(95% confidence interval [Cl]: 0.37 to 0.65, p < 0.001, Cohen’s d = 0.69). By the second follow-up, the
mean residual astigmatism in the corneal incision group was -1.18 D (SD 0.40), compared to -0.78 D (SD 0.67) in the toric IOL group
(mean difference 0.40 D, 95% Cl: 0.26 to 0.54, p < 0.001, Cohen’s d = 0.72). At the third follow-up, the corneal incision group recorded
a mean residual astigmatism of -0.69 D (SD 0.44), whereas the toric I0L group achieved -0.25 D(SD 0.34), yielding a highly significant
difference of 0.44 D(95% Cl: 0.33 to 0.55, p < 0.001, Cohen’s d = 1.15).

Table 1. Baseline Demographic and Clinical Characteristics of Study Participants (n =368)

Characteristic Corneal Incision Toric IOL p-value 95% Cl Effect Size
Group (n=184) Group (n=184)

Age (years), mean £ SD 45.71+7.1 46.85 +8.21 0.245 -3.05,0.77 0.15

Sex (Male), n(%) 108(58.7%) 111(60.3%) 0.761 -0.09, 0.13 0.03

Pre-op Astigmatism (D), mean * SD -2.38+0.76 -2.37+0.76 0.926 -0.13,0.14 0.01

D: diopters; SD: standard deviation

Table 2. Postoperative Residual Astigmatism (Diopters) Over Time

Time Point Corneal Incision(Mean+SD)  ToriclOL(Mean+SD)  Mean Difference(95%Cl)  p-value Cohen'sd
Preoperative -2.38+0.76 -2.37+0.76 0.01(-0.13, 0.14) 0.926 0.01

1st Follow-up -1.88+0.76 -1.37+0.74 0.51(0.37,0.65) <0.001 0.69

2nd Follow-up  -1.18 £ 0.40 -0.78 £ 0.67 0.40(0.26, 0.54) <0.001 0.72

3rd Follow-up -0.69+0.44 -0.25+0.34 0.44(0.33, 0.55) <0.001 1.15

Negative values indicate residual myopic astigmatism. SD: standard deviation. Cl: confidence interval. Cohen'’s d = standardized mean
difference.

The proportion of patients attaining a clinically desirable endpoint of <0.50 D residual astigmatism at the third follow-up was
substantially higher in the toric I0L group, with 79.9% (n =147) achieving this benchmark compared to only 33.2% (n=61) in the corneal
incision group. The calculated odds ratio for achieving this endpoint with a toric IOL, relative to corneal incision, was 7.89 (35% Cl:
4.80to 12.97, p < 0.001), indicating a nearly eightfold greater likelihood of optimal refractive outcome with the toric approach. Visual
acuity outcomes further supported the superior refractive performance of the toric IOL. At the third postoperative visit, the mean
uncorrected distance visual acuity (LogMAR) was 0.21(SD 0.14) in the corneal incision group and 0.13 (SD 0.09) in the toric I0OL group.
The mean difference of 0.08 LogMAR units(95% Cl: 0.05 to 0.11, p < 0.001, Cohen's d = 0.68) favored the toric IOL, reflecting a clinically
meaningful improvement in uncorrected vision.

Both surgical techniques were associated with low rates of adverse events and complications. Significant postoperative IOL rotation
occurred in three patients (1.6%) in the toric IOL group, while there were no such cases in the corneal incision group (p = 0.246).
Postoperative infection rates were low and similar between groups, with one case (0.5%)in the corneal incision group and two cases
(1.1%) in the toric I0L group (p = 0.564).

Persistent corneal edema was also infrequent, occurring in two patients(1.1%) in the corneal incision group and one patient (0.5%)in
the toric IOL group (p = 0.564). These findings demonstrate that toric I0OL implantation consistently produced greater reductions in
residual astigmatism, a markedly higher probability of attaining <0.50 D residual cylinder, and improved uncorrected distance visual
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acuity compared to the corneal incision technique. The two techniques exhibited similar safety profiles, with no statistically
significant differences in adverse event rates.

Table 3. Proportion of Patients Achieving <0.50D Residual Astigmatism at Third Follow-up

Group n (%) Achieving <0.50D 0dds Ratio (95% CI) p-value
Corneal Incision 61(33.2%) Reference -
Toric IOL 147(79.9%) 7.89(4.80, 12.97) <0.001

0dds Ratio compares the likelihood of achieving <0.50D in Toric IOL group relative to Corneal Incision.

Table 4. Visual Acuity (Uncorrected Distance, LogMAR) at Third Follow-up

Group MeanxSD Mean Difference (95% Cl) p-value Cohen'sd
Corneal Incision 0.21+0.14
Toric IOL 0.13+0.09 0.08(0.05, 0.11) <0.001 0.68

Lower LogMAR values indicate better visual acuity.

Table 5. Adverse Events and Complications

Event Corneal Incision (n, %) Toric IOL (n, %) p-value
Significant IOL Rotation - 3(1.6%) 0.246
Post-op Infection 1(0.5%) 2(1.1%) 0.564
Persistent Corneal Edema 2(1.1%) 1(0.5%) 0.564

The figure illustrates the trend in mean residual astigmatism (diopters) across four sequential time points—preoperative, Ist, 2nd, and
3rd follow-up—for patients undergoing cataract surgery using either corneal incision or toric intraocular lens techniques. The toric
IOL group demonstrated a steeper and more consistent decline in mean astigmatism, reducing from -2.37 D preoperatively to -0.25
D at the third follow-up, compared to the corneal incision group, which improved from -2.38 D to -0.69 D. Confidence band shading
represents £1SD around the means, revealing both a tighter variability and greater predictability in the toric IOL cohort. Clinically, the
convergence toward emmetropia is more pronounced and stable in the toric IOL pathway, supporting its enhanced efficacy for
astigmatic correction over time. The graph provides clear comparative insight into not only the efficacy but also the reliability of each
surgical technigue in minimizing postoperative refractive error.
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Figure 1Trajectory of astigmatic correction across surgical techniques

DISCUSSION

The present study provides important insights into the comparative effectiveness of corneal incision versus toric intraocular lens
(IOL) implantation in the management of pre-existing astigmatism during cataract surgery in a representative South Asian
population. The findings demonstrated a significantly greater reduction in residual astigmatism and a markedly higher proportion of
patients achieving <0.50 diopters of cylinder in the toric IOL group compared to those who underwent corneal incision. Notably,
uncorrected distance visual acuity was also superior following toric IOL implantation, while both procedures exhibited similarly low
complication rates, underscoring their safety in routine clinical practice.
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These results are consistent with and build upon previous international studies that have shown the superiority of toric I0Ls in
correcting moderate to high astigmatism during cataract surgery (21,22). For example, a meta-analysis by Qian et al. reported that
toric 10Ls consistently result in lower residual refractive cylinder and improved uncorrected visual acuity compared to non-toric
lenses or incision-only approaches (21). The high proportion of patients achieving optimal refractive targets in the toric group in our
study mirrors the findings of Icoz and colleagues, who observed that over three-quarters of their toric IOL cohort attained <0.50 D
residual cylinder at final follow-up (22).

By contrast, the corneal incision technique, while still effective for milder forms of astigmatism and appealing due to its simplicity
and lower cost, failed to match the precision or refractive stability observed with the toric approaches especially in patients with
higher baseline cylinder values (14,16). Our data reinforces the mechanistic rationale for selecting toric I0Ls in cases of moderate to
severe corneal astigmatism. The toric lens is specifically engineered to neutralize corneal cylinder at a predetermined axis, offering
stable refractive correction that is less subject to the variability of wound healing or surgeon-dependent factors inherent to corneal
incision strategies (17,20). The small, statistically insignificant rate of postoperative IOL rotation in this cohort highlights the
advances in modern toric lens design and implantation techniques that have minimized a traditional concern with this approach.
Meanwhile, corneal incision relies on the biomechanical response of the cornea, which may be influenced by individual healing
patterns, age, and surgical technique, potentially leading to less predictable outcomes and higher risk of regression over time (13,16).
While these findings are clinically meaningful, several methodological strengths and limitations should be considered when
interpreting the results.

The study’s strengths include its robust sample size, standardized operative protocols, masked outcome assessment, and use of
validated measurement tools, all of which contribute to the reliability and reproducibility of the conclusions. However, as a cross-
sectional comparative analysis based in a single region, the study may be subject to selection bias and limited generalizability to other
populations or healthcare settings. The lack of randomization and surgeon-directed allocation of interventions could introduce
confounding by indication, although careful adjustment for baseline covariates and stringent inclusion criteria mitigate this risk.
Furthermore, the relatively short follow-up duration precludes evaluation of longer-term refractive stability and the potential for
delayed IOL rotation or corneal remodeling. These considerations highlight the need for multicenter, randomized controlled trials
with extended follow-up to confirm the durability and generalizability of these findings.

Despite these limitations, the study advances our understanding by providing robust, locally relevant data to guide surgical decision-
making in astigmatism management during cataract surgery. The clear superiority of toric IOLs in achieving optimal refractive and
visual outcomes supports their preferential use in patients with moderate to high astigmatism, while corneal incision remains a
viable, cost-effective alternative for cases with lower cylinder values or in settings where access to toric technology is limited (22,23).
Given the global burden of cataract and the high prevalence of astigmatism among affected individuals, these findings have
meaningful implications for improving postoperative visual function and patient quality of life in diverse healthcare contexts (8,21).
Future research should focus on head-to-head comparisons of newer toric lens models, long-term outcomes including rotational
stability and patient-reported quality of vision, and cost-effectiveness analyses to better inform policy and clinical guidelines. There
is also a need to explore adjunctive technologies such as intraoperative aberrometry and image-guided alignment to further optimize
toric IOL implantation. In conclusion, this study confirms the clinical value of toric IOLs for astigmatism correction in cataract surgery,
while also emphasizing the importance of personalized patient assessment and shared decision-making to ensure optimal surgical
outcomes(21,22).

CONCLUSION

This study demonstrates that toric intraocular lens implantation offers superior correction of pre-existing astigmatism and better
uncorrected visual acuity outcomes compared to corneal incision techniques in cataract surgery, particularly for patients with
moderate to high astigmatism. These findings underscore the clinical value of toric IOLs in optimizing visual rehabilitation and
reducing residual refractive error, thereby enhancing postoperative quality of life. For human healthcare, this evidence supports a
patient-centered approach to astigmatism management in cataract surgery, advocating for the use of toric IOLs when precise and
stable correction is required, while reserving corneal incision techniques as a cost-effective option for cases with lower degrees of
astigmatism.
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