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Objective: To investigate the visual outcomes and patient satisfaction following trifocal intraocular lens (IOL) implantation after 
radial keratotomy (RK).
Methods: This was a retrospective chart review wherein we studied 14 eyes from 7 patients who had undergone cataract surgery and 
had trifocal intraocular lens (IOL) implanted in the Eastern Province of Saudi Arabia’s King Fahd University Hospital and Kahhal 
private centre. Data such as demographic characteristics, the time between RK and cataract removal, intraoperative and postoperative 
complications, preoperative and postoperative uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA), 
and refraction were evaluated. In addition, visual complaints and satisfaction were assessed through a questionnaire.
Results: All eyes included had 8 RK sections. The mean spherical equivalent was +1.81 ± 4.27 D preoperatively and was −0.41 ± 1.2 
D at the last follow-up. The mean uncorrected distance visual acuity (UDVA) increased from 0.32 ± 0.2 prior to surgery to 0.64 ± 0.2 
following surgery. The mean efficacy index was 1.01 and a safety index was 1.26. In the last follow-up, 29% reported having 0.5 
spherical equivalents, while 86% were within 1D. Improvement in cylindrical correction was noticed in the last follow-up with 36% 
not more than 0.5 D and 43% within 1D. In total, 80% of patients had a distance-corrected near visual acuity (DCNVA) of better than 
20/40. The survey response rate was 100%, and two patients reported a lower degree of satisfaction. Glare and difficulty seeing at 
night were the most often reported complaints, with a mean of 2.86 ± 1.95 and 22 ± 1.9, respectively.
Conclusion: Our results suggest that implantation of a trifocal IOL is safe and effective in patients with previous RK. However, 
several factors, including the patient’s preoperative expectations, glare testing, refractive error, number of cuts, optical zone size, and 
visual phenomena related to RK, should be considered before implantation.
Keywords: cataract surgery, radial keratotomy, trifocal IOL, refractive surgery

Introduction
Radial keratotomy (RK), once a revolutionary refractive surgery technique, was predominantly performed in the 1970s 
and 1980s to correct myopia and astigmatism until replaced by excimer laser technology in 1990.1 Although no longer 
common, many patients who underwent RK decades ago are now at an age where cataract development is inevitable, 
creating a unique and challenging subset of cataract surgery patients.

RK patients present complex challenges during cataract surgery, including corneal instability, difficulty in intraocular 
lens (IOL) power calculations and diurnal variation.2,3 The weakening of corneal integrity due to previous incisions 
complicates both the surgical procedure and the prediction of postoperative visual outcome.4
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Recent developments in intraocular lens (IOL) technology have demonstrated the possibility of multifocal to treat 
presbyopia and provide post-cataract surgery spectacle independence in virgin corneas. However, due to concerns 
regarding visual disturbances like glare, halos, and contrast sensitivity as well as the unpredictability of refractive 
outcomes their usage in post-RK patients is still under investigation.1,5 Various formulas have been proposed to predict 
the IOL power in those individuals.6 Despite these challenges, case studies have reported promising results with trifocal 
IOLs in post-RK patients, showing improvements in uncorrected distance and near vision and high levels of patient 
satisfaction.1,3,7,8

Given the increasing number of post-RK patients requiring cataract surgery, it is crucial to investigate the effectiveness 
and safety of trifocal IOL implantation in this population. Therefore, this study aimed to investigate the visual results, 
patient satisfaction, and quality of vision following cataract surgery with the implantation of a trifocal IOL in patients who 
had a history of RK. We also discussed the indications, constraints, and potential of this procedure in clinical practice. For 
those individuals who are desperate to be glasses-free, the findings of this study may help clarify a solution.

Methods
Study Design and Patients
This was a retrospective chart review of patients with a history of RK who had undergone cataract surgery with trifocal 
IOL implantation between 2017 and 2021 at the Kahhal Private Center and King Fahd University Hospital, Eastern 
Province, Saudi Arabia. Approval from King Fahd University Hospital’s (KFHU) Research Ethical Committee, of the 
College of Medicine & College of Applied Medical Sciences of the Imam Abdulrahman Bin Faisal University was 
acquired prior to the study commencing, and the study was carried out in compliance with the 2013 Helsinki Declaration. 
Each participant provided written informed consent before beginning the study which is available upon request for the 
Chief Editor of this journal to evaluate. Data is also available upon request from the corresponding author.

A total of 14 eyes of 7 patients (original, 21 eyes) with minimal 6 months of follow-up were included in this study; 7 
eyes of 5 patients were excluded from the analysis due to incomplete data and insufficient follow-up. All patients received 
an explanation of the surgical risks and benefits before the surgery and provided informed consent. Two experienced sur-
geons (Adel Rushood and Mohanna Aljindan) performed all operations who used the same surgical method throughout. 
Patient records were reviewed to collect data on demographics (age and sex), the time between RK and cataract, 
intraoperative and postoperative complications, slit lamp used to examine anterior segment and RK number, Sellen chart 
used to assess visual acuity (uncorrected and corrected distance visual acuity [UDVA and CDVA, respectively]), auto-
refraction, and subjective manifest refraction (D). Keratometry (D) (steep and flat) readings, axial length (mm), anterior 
chamber depth ACD (mm), and IOL refractive power (D) obtained using IOL Master were also collected.

Surgical Technique and Lens
Eye drops containing phenylephrine (25 mg/mL) and cycloplegic (10 mg/mL) were administered 30 minutes before the 
surgery. Prior to surgery, topical anesthetic eye drops were used, and the eye was cleaned with 5% povidone-iodine. The 
same disinfectant (10%) was used to clean the eyelids. Surgeons performed cataract surgery using the standard technique to 
create a clean cornea with a 2.4-mm keratome. To guarantee that it covers the IOL, a uniform, centered 5-mm diameter 
capsulorhexis was created. A trifocal IOL was implanted into the capsular bag and rotated to the predetermined correct axis 
if a toric IOL is used. In all cases, the main wound stroma was hydrated, and no sutures were used.

At the conclusion of the surgery, Intracameral cefuroxime was given, and the patient received constricting agent and 
antibiotic drops. The ASCRS IOL calculator for eyes with prior RK to calculate IOL power was used,9 and the IOL 
power closest to emmetropia was selected in all patients. AT LISA tri 839MP or tri toric 939MP (Carl Zeiss Meditec, 
Germany) was implanted in the capsular bag in all patients. The RK incisions remained intact after the surgery, and the 
procedures went without any difficulty.
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Assessment
Postoperative visual acuity for near, distance, and refraction were measured on day 1 and at the last visit after cataract 
surgery using Snellen chart that was transferred into logMAR to facilitate data analysis.

The quality of vision questionnaire used in this study was originally developed in English, considering similar surveys 
published in the literature. It was based on the subjective and intuitive Quality of Vision Questionnaire (QoV), which was 
developed to assess lifestyle activities and visual quality after cataract surgery.10 To accommodate for other factors 
impacting patients’ daily lives, a modification was developed.11,12

We used the first eight visual symptoms in the QoV questionnaire and the images in this study to help in explaining 
the symptoms. The questionnaire contained scores with higher scores representing poorer visual quality. Patients were 
asked to rate their level of difficulty doing a number of tasks for visual disturbance and lifestyle activity, with a score of 0 
being “no difficulty”, 1 being “minimal difficulty”, 2 and 3 being “moderate difficulty”, and 4 and 5 being “severe 
difficulty”. Patients were asked to rate their dependence on glasses based on how frequently they needed them for 
different tasks, with 0 being “never”, 1 being “rarely”, 2 being “often”, and 3 being “always”. Lastly, for overall 
satisfaction, patients were asked to evaluate using a 10-point scale, with 0 indicating least and 10 indicating highest 
satisfaction.

The questionnaire was translated into Arabic by one author and back into English by another. The writers possessed 
great language abilities in Arabic and English. An experienced consultant with advanced language skills in both 
languages double-checked and back-translated the English versions, confirmed the Arabic translation, and fixed any 
inconsistencies.

The Arabic version of the questionnaire was given to the patient for filing during their last appointment.

Statistical Analysis
The mean (± standard deviation) and median were used to describe continuous variables, whereas frequencies and 
percentages were used to represent categorical data. Using Spearman correlation test, the relationship between pre-
operative and postoperative spherical equivalents was assessed. According to the discrepancy between preoperative and 
postoperative CDVA and UDVA readings, respectively, the effectiveness and safety of the procedure were assessed. 
Specifically, the postoperative and preoperative CDVA ratios and postoperative UDVA and preoperative CDVA ratios 
(decimal notation) were calculated. Meanwhile, predictability was assessed using the achieved versus the expected 
refractive outcomes postoperatively. The STATA for Windows program, version 16, was used to conduct all statistical 
analyses. Statistical significance was defined as a P value of 0.05.

Results
Visual Outcomes
The mean follow-up was 17.14 ± 12.35 months (median: 11.5 months; range, 6–37 months). Table 1 summarizes the 
clinicodemographic patient characteristics. All eyes included in this study had 8 RK sections performed between 1985 
and 2001. The preoperative spherical equivalent refraction was +1.81 ± 4.27 D (median: +3.5; range, (−5.5, +5.75). 
Table 2 shows the postoperative monocular visual acuity and refractive outcomes at the last follow-up. Figure 1A 
illustrates the cumulative UDVA. All eyes (100%) achieved UDVA of 20/80 Snellen or better after the surgery. Figure 1B 
demonstrates the change in postoperative UDVA in comparison to CDVA. At the last follow-up, 49.6% (7 eyes) had lost 
one or more lines after surgery. Meanwhile, 7% (1 eye) and 43% (6 eyes) remained the same and gained at least one line 
postoperatively, respectively. The resulting mean efficacy index of 1.01 shows how UDVA and DCVA changed due to 
surgery. Before TF implantation, 14% had a spherical equivalent of 0.5 D and 21% within 1.00 D. After implantation of 
the TF lens, 29% reported having 0.5 spherical equivalents, while 86% were within 1.00 D in the last follow-up, 
illustrated in Figure 1C. A similar effect was reported in cylindrical correction. Significant improvement in cylindrical 
correction was noticed postoperatively, with 21% having 0.5 D and 79% with 1.00 D compared to 36% who did not have 
more than 0.5 D and 43% within 1.00 D, shown in Figure 1D. It should be noted that aberrated eyes after RK are not like 
regular eyes. No post-operative complications were noted.
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Figure 1E shows the initial visual acuity for UDVA before implantation of the IOL and the final visual outcome. 
Figure 1F shows the postoperative changes in distance-corrected near visual acuity (DCNVA) of 14 eyes. At near, 29% of 
eyes (4) showed a 20/25 Snellen, and 71% of eyes (ten) had a 20/40 Snellen or better cumulative DCNVA.

Quality of Vision
Table 3 shows the patient complaint, and satisfaction with distance, and near vision after implantation of a trifocal IOL. 
In total, 71.4% of patients scored less than 40 points with a mean score of 29 ± 11.14. Glare and night vision problems 
were among the most frequently reported complaints. Out of seven patients, two had a low level of satisfaction.

Discussion
Various advances in the field and evolving practice patterns have transformed cataract surgery into a modality of 
refractive surgery. Accordingly, patients can now expect excellent vision without distance aids. With the advent of 
trifocal IOLs, many patients also desire spectacle independence at near.12 The choices are usually either monovision or 

Table 2 Postoperative Monocular and Binocular Visual Acuity and 
Spherical Equivalent, at Last, Follow Up

Parameter Mean ± SD Median Range

UDVA (LogMAR) 0.64 ± 0.2 0.67 0.25–1

CDVA(LogMAR) 0.86 ± 0.2 1 0.4–1

Spherical equivalent (D) −0.41 ± 1.2 −0.44 −3 – +2.125

Efficacy index 1.01 ± 0.52 0.88 0.25–2

Safety index 1.26 ± 0.44 1.25 0.4–2

MRSEc −0.07 ± 1.27 −0.13 −2.55 – +2.625

Notes: cManifest refractive spherical equivalent.

Table 1 Summary of Demographic and Biometric Data

Parameter Mean ± SD (range) Median

Age (y) 58.14 ± 8.49 (47–74) 56

Sex (male/female) (n) 6/1

Keratometry flat 36.37± 37 (30.43–41.51) 35.84

Keratometry steep 38.32 ± 4.0 (32.33–45.68) 37.47

Anterior chamber depth (mm) 3.33 ± 0.4 (2.46–3.84) 3.36

UDVA (LogMAR) 0.32 ± 0.2 (0.1–0.63) 0.32

CDVA (LogMAR) 0.71 ± 0.2 (0.4–1) 0.67

Axial length (mm) 25.76 ± 1.41 (23.98–28.01) 25.25

Implanted IOL power (D) (SEQ)a 20.51 ± 5.58 (13.25–29.5) +24.25

Toric IOL (n) 8 (57.14%)

Target refraction (D)b −0.34 ± 0.17 (−0.5 – −0.03) −0.36

Preoperative manifest refractive SE (D) +1.81 ± 4.27 (−5.5 – +5.75) +3.5

Notes: a(SEQ) spherical equivalent. bTarget refraction from selected IOL power.
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presbyopia-correcting IOLs.13 The explantation rate is lower with monovision; however, spectacle independence rates are 
higher with trifocal IOLs.14 Despite the fact that RK is no longer performed, individuals who had undergone it in the past 
have developed age-related cataracts. Cataract surgery following RK represents a challenge for surgeons owing to the 
difficulty in IOL calculation, selection, wound sizing, and location.2,14–16

Figure 1 (A) Cumulative proportion of eyes with distance corrected visual acuity (CDVA) preoperatively and uncorrected visual acuity (UDVA) values at the last 
postoperative follow-up. (B) Best-distance-corrected visual acuity (CDVA) at the last follow-up. (C). Postoperative changes in spherical equivalent refraction (SEQ) at last 
follow-up. (D) Residual cylindrical refractions at the last postoperative follow-up. (E) Initial and final uncorrected distance visual acuity. (F) Cumulative proportion of eyes 
with best distance-corrected near visual acuity (DCNVA) value at the last postoperative follow-up.
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Patients with RK showed good visual outcomes and acceptable refractive correction after monofocal IOL 
implantation.2,17 However, patients who have undergone refractive surgery usually desire spectacle independence for 
near tasks. Despite this, studies investigating visual outcomes of implanting trifocal IOLs in RK patients are lacking. 
Further investigation of trifocal IOL implants in RK patients is worthwhile.

The current study found no significant change in UDVA at the last postoperative follow-up compared to preoperative 
CDVA; the efficacy index was 1.01. In addition, the gain in CDVA was more than the loss, with a high safety index of 
1.26. These results support that implanting trifocal IOLs after RK is safe and effective for distance vision enhancement 
and astigmatism correction.

These results differ from those of a prior study in which the authors evaluated the visual and refractive outcomes 
following cataract surgery and the implantation of multifocal IOLs in 17 eyes that had previously undergone RK. In that 
study, different multifocal IOLs were implanted, and the patients were followed up for 6 months. At the last follow-up, 
29% achieved target refraction.

There were 52.94% of eyes with one line loss of their CDVA, with a safety index of 0.98. The efficacy index was also 
low at 0.56. However, better results for near visual acuity were obtained, and similar findings were observed in the 

Table 3 Patients Complaints and Satisfaction with Distance, 
Intermediate, and Near Vision

Parameter Mean ± SD Median

Visual disturbance

Glare around light 2.86 ±1.95 4

Halo around light 1.43 ±1.90 1

Double vision 0.43 ± 1.13 0

Night vision difficulty 2 ± 1.9 3

Hazy vision 1.14 ±2.04 0

Distorted vision 1.57 ±2.07 0

Blurred vision 0.43 ±1.13 0

Fluctuation of vision during the day 1.43±1.81 0

Starburst 0±0 0

Visual lifestyle activity

Difficulty watching TV 2.57±1.90 3

Difficulty using computer 0±0 0

Reading difficulty 1.29±1.60 0

Using cell phone 1.43±1.51 1

Shaving or applying makeup difficulty 0.43±1.33 0

Seeing shadow 0.43±1.13 0

Spectacle use and satisfaction

Need for distance vision glasses 1.71±1.60 3

Need for near-vision glasses 0.57±0.98 0

Satisfaction after implanting the IOL 6±4.16 8

Mean score 29±11.14 31
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current study. The authors concluded that although multifocal IOL was safe, it was ineffective for distance vision 
enhancement.18 However, they used different IOL models in their case series. Conversely, we observed consistently 
better CDVA in patients in our study. In addition, we used a single model of trifocal IOL. In one of cases reported by 
Agarwal et al, the patient was implanted with a trifocal toric IOL AT Lisa 939M bilaterally and had already undergone 
RK and LASIK. The Barrett True K-formula was used for IOL power. Similar to our observation, the patient was happy 
with his vision but required spectacles for fine distance work and experienced reduced contrast sensitivity.8

We also found three case reports providing evidence for surgical management of cataract and presbyopia in patients 
with prior RK. Gupta et al reported two cases in which Holladay I and SRK-T formulas were used, and AcrySof IQ 
ReSTOR multifocal IOL was selected to achieve hybrid monovision with good distance and near vision and spectacle 
independence.3 There were also two cases reported by Kim et al of refractive lens exchange for RK patients. One patient 
underwent bilateral multifocal IOL implantation; he had RK in only one eye with long-term use of corrective lenses for 
monovision. A multifocal IOL in the other patient was implanted in the eye with the worst vision. A high level of 
satisfaction and acceptable visual outcomes were experienced by both patients. The author used the ASCRS formula and 
the Oculentis IOL, and no high-order abortion was reported.1

The prospective use of a custom toric multifocal IOL (Soleko FIL611PVT) in a patient with RK, crosslinking, and 
a subsequent hyperopic shift was also studied by Nuzzi et al. Holladay1 and SRK/T formulae were used. The patient 
tolerated the IOL well and had good visual acuity (1.0) without refractive regression, after a one-year follow-up.7 Despite 
the fact that these three case studies used various techniques, they all reported acceptable visual results without 
drawbacks. In contrast, the majority of the patients in the current study complained of visual phenomena affecting 
their visual quality despite good UDVA. This may be related to the fact that most patients reported glare preoperatively. 
These complaints were reported in previous studies in patients with RK.19

In the first three to six months following RK, 50–60% of cases with moderate to severe glare impairment have been 
documented. After a year, this incidence drops to 0–5%, and after two years, it drops even further.20 After a year 
following the RK, Neumann further classified the complaints of glare disturbances into “night glare” (30%) and “day 
glare” (0.7%).19 The degree of visual aberrations after RK has been observed to depend on the extent of a clear optical 
zone.20 Persistent diurnal fluctuations in refractive error can also result from a varied corneal steepening following RK.20 

It should also be considered that patients with RK have weaker corneas, subsequently increasing the risk of refractive 
regressions and visual acuity fluctuation.2 It might help to explain why fewer than half of the study’s participants had 
refraction that was within 0.5 diopters of their target refraction.

Another suggestion for this special group of patients is to delay cataract surgery until the cornea has stabilized. 
Collagen crosslinking may be an alternative to increase corneal refractive stability if the cornea fails to stabilize over 
time.21 The “trifocal lens effect” caused by the disparity in refractive power between the center and periphery has been 
seen in RK patients.22,23 Multiple pictures may appear on the retina as a result of power change across the pupil, 
producing a trifocal effect and pseudoaccommodation. Combining this corneal variability with a trifocal IOL design 
could degrade retinal images and result in a deterioration of vision.18

Limitations and Recommendations
This was a retrospective study with a small sample size. The nature of the study resulted in recall bias and missing preoperative 
and postoperative data. In addition, a preoperative visual phenomena questionnaire could not be performed. The lack of patients 
who underwent more extensive incisional refractive treatments (such as 16-cut RK or additional AK) could have had an impact 
on the results. Our results may not apply to the entire population of RK patients as they only reflect certain practices. Large 
sample sizes and comparative monofocal intraocular lenses should be used for subsequent comparative research. Future research 
should look at the satisfaction,visual,and refractive outcomes of the more recent IOLs, such as extended depth of focus (EDOF), 
with fewer case reports demonstrating encouraging outcomes24 and accommodative IOLs in patients with RK. Additional testing 
for contrast sensitivity and glare would also provide additional benefits, eg, IOL designs suitable for each case.
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Conclusion
With the good efficacy and safety indices found in this study, trifocal IOL implantation is a viable treatment option for 
patients with presbyopia and a history of RK following cataract excision. However, the quality of vision is impaired, with 
patients developing postoperative visual phenomena that may be related to either the RK or the trifocal lens. Thus, if 
a trifocal IOL is to be implanted, several factors should be considered, including preoperative patient expectation, glare 
testing, refractive error, number of cuts, and optical zone size.
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