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Purpose: To compare the effects of topical versus peribulbar anesthesia on the early rotational stability of toric intraocular lenses 
(Toric IOLs).
Patients and Methods: In this prospective cohort study, 240 eyes undergoing phacoemulsification with Toric IOL implantation at 
Qingdao Eye Hospital were analyzed. Preoperative ocular parameters were recorded. Postoperative outcomes at 1 day, 1 week, and 1 
month included Toric IOL rotation, uncorrected distance visual acuity (UDVA), residual astigmatism, intraocular pressure, and the rate 
of IOL repositioning. Binary logistic regression identified factors associated with repositioning.
Results: Baseline characteristics were similar between groups. On day 1, mean IOL rotation was significantly lower in the peribulbar 
group (3.61 ± 2.53°) than in the topical group (4.65 ± 5.40°, P=0.003), and UDVA was better (P=0.046). At 1 week, rotation remained 
smaller in the peribulbar group (P=0.040). By 1 month, no significant differences were found in rotation, UDVA, or residual 
astigmatism. Repositioning occurred in 1/112 (0.9%) peribulbar and 8/116 (6.9%) topical cases (P=0.034). Logistic regression 
confirmed anesthesia type as an independent factor for repositioning (P=0.045).
Conclusion: Peribulbar anesthesia enhances early postoperative rotational stability of Toric IOLs and reduces the need for 
repositioning.
Keywords: Toric IOL, cataract surgery, repositioning, rotational stability, anesthesia

Introduction
Cataract remains one of the leading causes of blindness worldwide, and phacoemulsification with intraocular lens (IOL) 
implantation is currently the only effective treatment. With rising patient expectations for postoperative visual quality, 
cataract surgery has shifted from simply restoring vision to achieving optimal refractive outcomes. Corneal astigmatism 
is a major limiting factor for postoperative uncorrected visual acuity and overall visual quality. Multiple studies reported 
that approximately 40–47% of cataract surgery candidates have preoperative corneal astigmatism ≥ 1.0 diopters (D),1–3 

indicating that a substantial proportion of patients may benefit from simultaneous astigmatic correction.
Since the early 2000s, Toric IOL have become a preferred option for correcting corneal astigmatism during cataract 

surgery, offering a broader correction range, improved predictability, and greater postoperative stability than corneal or 
limbal relaxing incisions.4–8 The effectiveness of Toric IOL depends critically on precise alignment between the IOL 
cylinder axis and the corneal steep meridian; each 1° of off-axis rotation is associated with an approximate 3–3.3% loss 
of astigmatic correction, and rotations approaching 30° can essentially abolish the corrective effect.9–11 Consequently, 
rotational stability is a key determinant of refractive success. Factors reported to influence Toric IOL stability include 
axial length, capsular bag fibrosis, IOL material and haptic design, and surgical technique—for example, a continuous 
curvilinear capsulorhexis with a diameter of 5.0–5.8 mm is generally recommended.12–15
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Previous studies have indicated that the risk of Toric IOL rotation is highest within the first day to one week after 
surgery, a period during which ocular motility is considered a key contributing factor.16–20 It is therefore hypothesized 
that restricting eye movement in this early postoperative phase may enhance the early stability of the toric IOL.

In cataract surgery, Peribulbar and topical anesthesia are the two most commonly used local anesthesia techniques. 
Although numerous studies have compared their differences in surgical analgesia, patient comfort, and short-term 
complications,21 the influence of anesthesia method on Toric IOL rotational stability has not been systematically 
evaluated. The pharmacological mechanisms of these two techniques are fundamentally distinct: topical anesthesia 
provides only intraoperative surface analgesia, whereas peribulbar anesthesia additionally induces reversible akinesia. 
More importantly, the duration of action of local anesthetic agents varies significantly. The combination of a short-acting 
agent (lidocaine) with a long-acting one (ropivacaine) can markedly prolong the recovery time of postoperative ocular 
motility. This extended period of akinesia may overlap with the high-risk phase of greatest Toric IOL instability, 
potentially influencing its rotational stability.

However, a significant gap exists in the current literature regarding this specific issue. Therefore, this study proposes 
the central hypothesis that, compared to topical anesthesia using 0.5% proparacaine hydrochloride alone, a standardized 
peribulbar anesthesia employing a long-acting mixture (2% lidocaine combined with 1% ropivacaine) will significantly 
reduce the magnitude of toric IOL rotation during the critical postoperative period by prolonging postoperative akinesia, 
thereby achieving better axial stability and visual outcomes. To test this hypothesis, we designed a prospective cohort 
study to systematically compare the effects of the two aforementioned anesthetic techniques on early postoperative toric 
IOL rotational stability, aiming to provide evidence-based insights for optimizing anesthetic strategy and improving 
surgical prognosis.

Data and Methods
Study Design
This study is a prospective, observational cohort study. It does not interfere with clinical decision-making. Instead, 
patients are prospectively followed and compared in two naturally occurring cohorts based on the actual anesthesia 
regimen adopted following preoperative assessment and shared decision-making between physicians and patients. The 
aim is to explore the impact of different anesthesia methods on early rotational stability after Toric IOL implantation.

Ethics and Informed Consent
This study was conducted at the Department of Cataract, Qingdao Eye Hospital, affiliated with Shandong First Medical 
University. Ethical approval was obtained from the institutional Ethics Committee (No. [2024]14), and all procedures 
adhered to the Declaration of Helsinki. The study was registered at a public clinical trial registry (ChiCTR2400087830) 
prior to the beginning of the study. Written informed consent was obtained from each participant, and personal identifiers 
were removed to ensure confidentiality.

Research Cohort and Participants
Patients who underwent phacoemulsification and Toric intraocular lens (IOL) implantation between February and August 2024 
were enrolled. Inclusion criteria: (1) Cataract confirmed and graded as grade 3 by the Lens Opacities Classification System III 
(LOCS III); (2) corneal astigmatism ≥1.5 diopters (D); (3) willingness to receive Toric IOL implantation. Exclusion criteria: (1) 
Irregular corneal astigmatism, corneal or scleral disease, or other ocular comorbidities; (2) prior ocular surgery; (3) significant 
risk factors for IOL instability such as abnormal globe morphology or extreme axial length.

Preoperative Examination
All patients underwent a comprehensive ophthalmic evaluation within 24 hours before surgery. Uncorrected distance visual 
acuity (UDVA) was assessed using a standard logarithmic chart and converted to logMAR values. Other examinations 
included subjective refraction, slit-lamp biomicroscopy (BM900, Haag-Streit AG, Switzerland, Europe), widefield fundus 
imaging (California RG, Optos, UK, Europe), corneal topography (OCULUS Pentacam 70100, OCULUS Optikgeräte 
GmbH, Germany, Europe), axial length measurement (IOL Master 700, Carl Zeiss Meditec AG, Germany, Europe), macular 
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OCT (RTVUE XR, optovue, USA), corneal endothelial cell count (NSP-9900 II, Konan, Japan), and intraocular pressure 
(IOP, Canon TX-20, Canon Medical System, USA) measured by a non-contact tonometer.

Preoperative Axis Marking
All markings were performed by the same surgeon under a slit-lamp biomicroscope with the patient seated upright and 
fixating straight ahead. A narrow-slit beam was aligned through the pupil center, and sterile marking pens were used to 
indicate the corneal incision site and the planned IOL axis.

Anesthesia Protocol
Based on clinical practice, patients were divided into two cohorts:

(1) Topical anesthesia: 0.5% Alcaine instilled into the conjunctival sac until effective.
(2) Peribulbar anesthesia: A 25-mm needle was inserted at the supraorbital and infraorbital rims. After confirming no 

blood aspiration, 3 mL each of 2% lidocaine and 1% ropivacaine were slowly injected into the upper and lower 
peribulbar spaces, followed by gentle ocular compression until the globe was soft.

Grouping rationale: The choice of anesthesia method is determined through comprehensive assessment of the patient’s 
ocular conditions (eyelid tension, ocular mobility), systemic status, anticipated surgical duration, and patient preference, 
following mutual consultation between the primary surgeon and the patient.

Intraocular Lens
The TECNIS Toric II (Johnson & Johnson Vision) is a monofocal, aspheric Toric IOL featuring negative spherical 
aberration (-SA) to enhance contrast sensitivity and reduce night glare. It has a 6.0 mm optical zone and is available in 
models ZCT150–ZCT400, covering spherical powers from +6.00 D to +30.00 D and astigmatic corrections from 1.0 D to 
6.0 D. The IOL model and intended axis were calculated preoperatively using the manufacturer’s proprietary software.

Surgical Procedure
Standard phacoemulsification and Toric IOL implantation were performed using a 2.2 mm clear corneal main incision 
and a 1.0 mm side port. A continuous curvilinear capsulorhexis of approximately 5.5 mm was created, and the Toric IOL 
was aligned according to preoperative markings. All surgeries were performed by the same experienced surgeon using 
the same phacoemulsification system. At the end of surgery, tobramycin–dexamethasone ointment was applied, and the 
operated eye was bandaged.

Postoperative Medication
All patients received an identical postoperative regimen: 1% prednisolone acetate eye drops, 4 times daily for 2 weeks; 
0.1% bromfenac sodium eye drops, 2 times daily for 6 weeks; 0.3% gatifloxacin ophthalmic gel, 4 times daily for 
1 week; Tobramycin–dexamethasone ophthalmic ointment, once nightly for 1 week.

Postoperative Follow-up
Patients were examined at postoperative day 1, week 1, and month 1. Evaluations included objective refraction, UDVA 
(converted to logMAR), Toric IOL axis position, and IOP. On day 1, IOL alignment was assessed using a slit-lamp with 
a rotating slit, ensuring accurate head and gaze positioning despite transient corneal edema. At week 1 and month 1, IOL 
rotation was measured after pupil dilation using the iTrace Visual Function Analyzer (Tracey Technologies, USA, North 
America). A postoperative IOL rotation >10° was considered the threshold for surgical repositioning.

Statistical Analysis
All analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). The Kolmogorov–Smirnov test 
and Q–Q plots were used to assess the normality of continuous data. Normally distributed variables were expressed as 
mean ± standard deviation (SD) and compared using the independent-samples t-test; non-normally distributed data were 
expressed as median (Q1, Q3) and analyzed with the Mann–Whitney U-test. Categorical variables were compared using 
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the chi-square test or Fisher’s exact test where appropriate. Binary logistic regression was used to evaluate the influence 
of anesthesia type and axial length on the likelihood of Toric IOL repositioning. A P value <0.05 was considered 
statistically significant.

Results
Patient Profile
At the 1-month postoperative follow-up, 8 patients in the peribulbar anesthesia group and 4 in the topical anesthesia 
group were lost to follow-up, representing an overall loss rate of 5%. Ultimately, data from 228 patients (228 eyes) were 
analyzed—112 in the peribulbar anesthesia group and 116 in the topical anesthesia group. Preoperative baseline 
characteristics, including demographic and ocular parameters, showed no statistically significant differences between 
the two groups (P > 0.05), indicating good comparability (Table 1).

Incidence of Surgical Repositioning
During the 1-month follow-up, the cumulative incidence of Toric IOL surgical repositioning differed significantly 
between the groups: 1/112 (0.9%) in the peribulbar anesthesia group versus 8/116 (6.9%) in the topical anesthesia 
group (χ2=3.949, P=0.034) (Table 2). Details of the degree and timing of significant rotation (>10°) in patients who 
required repositioning are summarized in Table 3. At each time point, repositioning incidence was calculated based on 
the number of patients remaining under observation; eyes that had already undergone repositioning were excluded from 
subsequent analyses.

Table 2 Repositioning Rate, IOL Rotation, and Residual Astigmatism: Group Comparison

Parameters Follow-Up 
Time

Topical 
Anesthesia Group

Peribulbar 
Anesthesia Group

Test Statistic P-value

Cumulative surgical repositioning rate 8/116 1/112 3.949 0.034

Mean IOL rotation (°) 1day 4.65±5.40 3.61±2.53 1.852 0.003
1 week 3.95±2.71 3.40±1.84 1.775 0.040
1 month 5.21±1.77 5.18±1.89 0.117 0.834

Residual refractive astigmatism (D) 1day 0.91±0.59 0.88±0.77 0.254 0.364
1 week 0.75±0.48 0.72±0.48 0.390 0.091

1 month 0.70±0.38 0.64±0.38 0.559 0.971

Table 1 Baseline Demographic and Clinical Parameters of the Studied Patients

Parameters Topical 
Anesthesia Group

Peribulbar 
Anesthesia Group

Test Statistic P-value

Number 120 120

Age (year) 57.47±14.00 57.65±15.68 −0.095 0.083

Gender (female/male) 65/51 59/53 0.259 0.611
Refractive Astigmatism (D) 2.47±1.27 2.39±1.06 0.386 0.210

Corneal Astigmatism (D) 2.32±0.62 2.70±0.65 −4.466 0.964

UDVA (logMAR) 0.81±0.39 0.81±0.42 0.082 0.303
ECD (cells/mm2) 2686.47±295.34 2578.42±346.79 2.529 0.735

IOP (mmHg) 15.21±2.81 14.67±3.03 1.398 0.227

AL (mm) 23.87±1.71 24.14±1.37 −1.321 0.224
WTW (mm) 11.58±0.39 11.32±0.39 3.483 0.929

ACD (mm) 3.17±0.37 3.07±0.36 1.378 0.749

Abbreviations: ECD, Endothelial Cell Density; IOP, Intraocular Pressure; AL, Axial Length; WTW, Corneal Diameter/White- 
to-White Distance; ACD, Anterior Chamber Depth.
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Postoperative Toric IOL Rotation
On postoperative day 1 and week 1, the mean rotation of Toric IOLs was significantly smaller in the peribulbar anesthesia 
group compared with the topical anesthesia group (day 1: t=1.852, P=0.003; week 1: t=1.775, P=0.040). By 1 month 
postoperatively, the mean rotational degree no longer showed a statistically significant difference between the two groups 
(Table 2).

Postoperative Residual Refractive Astigmatism
At postoperative day 1, week 1, and month 1, the mean residual refractive astigmatism did not differ significantly 
between the peribulbar and topical anesthesia groups (day 1: t=0.254, P=0.364; week 1: t=0.390, P=0.091; month 1: 
t=0.559, P=0.971) (Table 2).

Postoperative UDVA and IOP
UDVA showed progressive improvement in both groups at each postoperative time point (day 1, week 1, and month 1). 
On postoperative day 1, mean UDVA was significantly better in the peribulbar anesthesia group (logMAR 0.21 ± 0.16) 
than in the topical anesthesia group (logMAR 0.27 ± 0.26; t = –1.444, P = 0.046). At week 1 and month 1, the intergroup 
differences in UDVA were not statistically significant (Table 4). At 1 month postoperatively, 81 eyes (72.32%) in the 
peribulbar group and 91 eyes (78.45%) in the topical group achieved UDVA ≥ 0.8, with no significant difference between 
groups (χ2 = 1.000, P = 0.317). There were no statistically significant differences in mean IOP between the peribulbar 
and topical anesthesia groups on postoperative day 1, week 1, or month 1 (Table 4).

Binary Logistic Regression Analysis
Binary logistic regression analysis demonstrated that anesthesia method was significantly associated with postoperative 
Toric IOL repositioning. In the unadjusted model including anesthesia type alone, anesthesia method was a significant 

Table 3 Degree and Timing of Postoperative IOL Rotation

Type of Anesthesia Case 
Number

Rotation (°) Time

Topical anesthesia group 1 26 Postoperative day 1
2 14 Postoperative1week
3 12 Postoperative day 1

4 37 Postoperative day 1

5 26 Postoperative day 1
6 26 Postoperative day 1

7 19 Postoperative1week 

8 20 Postoperative day 1

Peribulbar anesthesia group 1 25 Postoperative day 1

Table 4 Uncorrected Visual Acuity and Intraocular Pressure at 1 Month Postoperatively

Parameters Postoperative 
Follow-Up Time

Topical 
Anesthesia Group

Peribulbar 
Anesthesia Group

Test Statistic P-value

UDVA (logMAR) 1day 0.27±0.26 0.21±0.16 −1.444 0.046
1 week 0.11±0.10 0.13±0.11 0.924 0.775
1 month 0.05±0.22 0.09±0.08 1.245 0.140

IOP (mmHg) 1day 15.04±3.50 14.58±3.37 0.639 0.739
1 week 14.76±3.17 14.53±3.16 0.520 0.875

1 month 14.30±2.75 14.25±2.57 0.156 0.918
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predictor (P = 0.049, OR = 8.222). After adjusting for axial length, anesthesia method remained significant (P = 0.045, 
OR = 8.512), while axial length itself was not (P = 0.476, OR = 1.162) (Table 5).

Discussion
This prospective cohort study systematically evaluated the influence of topical versus peribulbar anesthesia on the early 
postoperative rotational stability of Toric IOLs in cataract surgery. Our findings demonstrate that the choice of anesthesia 
technique significantly affects Toric IOL stability, particularly during the early postoperative period.

On postoperative day 1, eyes receiving peribulbar anesthesia exhibited superior rotational stability and better UDVA 
compared with those under topical anesthesia. This finding can be explained by the mechanistic differences between the 
anesthetic techniques. Peribulbar anesthesia achieves ocular akinesia by blocking the oculomotor, trochlear, abducens, and 
ciliary nerves. The duration of action of anesthetic drugs can last 4 to 6 hours, which not only facilitates precise axial 
positioning during surgery but also maintains ocular stability in the early postoperative period through sustained anesthetic 
effects.22,23 This promotes the initial secure seating and integration of the IOL within the capsular bag. Previous studies have 
indicated that the majority of Toric IOL rotation occurs within the first hour to one day after surgery, underscoring the critical 
importance of ocular akinesia during and immediately following the procedure.18–20 In contrast, under topical anesthesia, 
patients retain the ability to move their eyes. Involuntary ocular movements, potentially triggered by surgical manipulation or 
postoperative stimuli, may increase the risk of Toric IOL axis deviation either during or in the early hours after surgery.21,24,25

As the postoperative period progressed, we observed a dynamic change in the differences between the two groups. By 
postoperative week 1, although the peribulbar anesthesia group maintained an advantage in rotational stability, the 
difference in UDVA between the groups was no longer statistically significant. By postoperative month 1, the difference 
in rotational stability between the two groups had essentially disappeared. This temporal pattern suggests that the 
influence of different anesthetic techniques on Toric IOL stability is concentrated primarily in the early postoperative 
phase, whereas long-term stability is more closely associated with capsular biological processes, such as fibrosis and 
contraction. With the progression of postoperative capsular fibrosis and contraction, the Toric IOL becomes biologically 
fixed. This observation aligns with findings from previous studies indicating that the majority of Toric IOL rotation 
occurs in the early postoperative period, after which its position tends to stabilize.19,26,27

Regarding visual quality, this study found that a significant difference in the degree of rotation on postoperative day 1 
was accompanied by a corresponding difference in UDVA, while no statistically significant difference was observed in 
residual refractive astigmatism. This issue can be analyzed as a statistical problem. In this study, significant rotation 
occurred in 8 cases of toric intraocular lenses within the topical anesthesia group, compared to only 1 case in the peribulbar 
anesthesia group. The majority of patients maintained stable intraocular lens positioning or experienced only mild rotation. 
This distribution within the population weakened the impact of the few rotational events on the overall results for the group- 
level astigmatism analysis, leading to the absence of statistically significant differences in the statistical tests.

Regarding the influence of axial length, this study preliminarily explored the correlation between axial length and the 
postoperative event of requiring IOL repositioning using binary logistic regression analysis. In the two constructed 
models, axial length did not demonstrate statistical significance. This finding is consistent with conclusions from some 
previous studies,28,29 suggesting that under specific conditions, axial length may not be an independent strong risk factor 
for significant Toric IOL rotation that necessitates surgical intervention.

It is important to emphasize that, in addition to the anesthesia technique, surgical skill, IOL design, and patient- 
specific ocular biological parameters (such as capsular bag diameter and ciliary sulcus morphology) are also well- 

Table 5 Binary Logistic Regression Analysis

Model Variable OR-value 95% CI P-value

1 Type of anesthesia 8.222 1.011–66.854 0.049

2 Type of anesthesia 8.512 1.044–69.384 0.045

AL 1.162 0.769–1.757 0.476
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established as key factors influencing postoperative rotational stability of Toric IOLs. Previous studies have confirmed 
that a continuous curvilinear capsulorhexis, thorough removal of viscoelastic material, and IOL selection based on 
precise biometry are fundamental to ensuring long-term stability.30 To better isolate and investigate the independent 
effect of the anesthesia technique, this study implemented strict standardization and control of major confounding factors 
during the design phase: all surgeries were performed by the same experienced surgeon, adhering to a unified protocol, 
ensuring maximal consistency in surgical technique.15

In summary, the results of this study elucidate the dynamic characteristics of how different anesthetic modalities influence 
postoperative Toric IOL stability. The core finding demonstrates that compared to topical anesthesia, peribulbar anesthesia 
utilizing long-acting agents effectively reduces the magnitude of Toric IOL rotation in the early postoperative period, particularly 
within the first 24 hours. This finding confirms our initial hypothesis that pharmacologically prolonging postoperative ocular 
immobilization time can serve as an active intervention to enhance early stability following toric IOL implantation.

However, as a prospective cohort study, this research has certain limitations. The most fundamental limitation is that the 
assignment of patients to receive either peribulbar block or topical anesthesia was not randomized but was based on clinical 
assessment and shared decision-making between the physician and patient. Although no statistically significant differences were 
found in baseline characteristics such as age and axial length between the two groups, there remains the possibility that unknown 
or difficult-to-measure confounding factors influenced both group assignment and outcomes. Secondly, while the single-surgeon, 
single-center design ensured technical consistency, it also limits the generalizability of the findings. Whether the conclusions hold 
true in other centers or with surgeons employing different technical nuances requires further verification. Future research by our 
team is planned to involve prospective randomized controlled trials with multi-center collaboration and larger sample sizes to 
further investigate the impact of anesthetic technique on Toric IOL rotational stability, thereby enabling a more comprehensive 
evaluation of the feasibility and rationale for applying peribulbar anesthesia in Toric IOL implantation surgery.

Conclusion
The choice of anesthesia significantly influences the early postoperative rotational stability of Toric IOLs. Peribulbar 
anesthesia enhances short-term lens stability and reduces the likelihood of IOL repositioning, offering a practical 
advantage in cataract surgery requiring astigmatic correction.
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