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Abstract 

Purpose :  To compare the outcomes of intraocular lens （IOL） implantation using toric （T）-IOL and non-toric 

（N）-IOL in pediatric cataract patients with astigmatism, and to examine the effect of optic capture （OC） on 

the axis misalignment （AM） of the T-IOLs.

Setting :  Department of Ophthalmology, Kindai University Faculty of Medicine, Osaka, Japan.

Design :  Interventional, comparative case study.

Methods :  Consecutive pediatric patients implanted with T-IOLs or N-IOLs were retrospectively reviewed. In 

the T-IOL group, the preoperative and postoperative corrected distance visual acuity （CDVA） and AM were 

compared in patients with and without OC.

Results :  The T-IOL group included 14 eyes of 11 patients, while the N-IOL group included 22 eyes of 15 

patients. One year after surgery, the mean ocular cylinder （1.38±0.80 D） was significantly smaller than 

the average corneal cylinder （3.33±1.24 D） in the T-IOL group （P=0.00012, Wilcoxon signed-rank test）. 

The mean preoperative and 1-year postoperative CDVA （logMAR） were 0.57/0.003 （T-IOL） and 0.71/0.09 

（N-IOL）, respectively. The AM at 1 week and 1 year after surgery was 2.6°±3.7° and 4.4°±3.1° for the OC 

group, and 13.3°±8.8° and 18.5°±14.8°, for the non-OC group, respectively. The AM was significantly smaller 

in the OC group than that in non-OC group （P=0.009, Mann-Whitney U test） at postoperative 1 week. 

Conclusion :  T-IOL implantation is effective in correcting astigmatism in pediatric cataract patients with 

astigmatism, and the OC technique is likely to achieve lower AM of the T-IOL.

Keywords：�pediatric cataract, optic capture, corneal astigmatism, toric intraocular lens
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Introduction

　Currently, implantation of intraocular lens （IOL） implantation for pediatric cataract patients is widely 

accepted. However, there are some issues unique to pediatric cataract surgery, such as, postoperative 

refractive changes with growth, 1−4 incidence of strabismus, 5 and postoperative complications such as high 

probability of posterior capsule opacification. 1, 2, 6 In addition, severe astigmatism is often observed in eyes 

with pediatric cataract. 7, 8 Correction of astigmatism by using toric IOL may further help vision development 

in children who undergo pediatric cataract surgery; however, the use of T-IOL for pediatric cataract has 

not been commonly performed and has not been well documented thus far. 9−11 This could be owing to the 

following possible reasons: first, there are much fewer pediatric cataract patients than adult patients; second, 

it is particularly difficult to precisely examine corneal astigmatism in young patients; third, postoperative 

astigmatism changes with aging; fourth, the lack of data of large number of patients with long-term follow-up. 

　One important point when using T-IOL is to stabilize the IOL in the intended axis, as the axis misalignment 

（AM） of the T-IOLs reduces the magnitude of astigmatic correction in proportion to the degree of AM. 

Various methods have been addressed to prevent AM, including pre-operative marking and intraoperative 

identification of the astigmatism axis by intraoperative aberrometry. In addition, to prevent postoperative 

rotation of T-IOL, it is imperative that the patients rest immediately after surgery because the greatest 

degree of IOL rotation appears to occur within 1 hour after surgery. 12 

　We have been using the optic capture （OC） technique in pediatric cataract surgery to prevent 

opacification of the visual axis. 13−15 We hypothesized that OC is useful not only for the prevention of visual 

axis opacification but also for preventing T-IOL rotation, thus reducing the AM. In this study, we investigated 

the visual outcomes of T-IOL implantation in children with cataracts and astigmatism. Also, we compared the 

postoperative AM between patients who underwent T-IOL implantation with and without OC.

Methods

　A chart review of 94 eyes of 72 consecutive pediatric patients with cataracts who underwent surgery 

at Kindai University Hospital between March 2011 and October 2018 was conducted. All surgeries were 

performed by a single surgeon （S.K.）. Patients with other ocular diseases or physical or mental disorders that 

made pre-or post-operative examinations unreliable were excluded. Finally, 36 eyes of 23 patients （21 eyes of 

14 boys and 15 eyes of 9 girls） were included. This study was performed in accordance with the tenets of the 

Declaration of Helsinki. The Institutional Review Board of Kindai University Faculty of Medicine approved 

this study （# 30-205）, and written informed consent was obtained from the guardians of all included patients.

Selection of IOL

　For each patient, the IOL power was calculated using the SRK/T formula on the basis of the keratometry 

and axial length measurement by optical biometry （IOL Master® 500, Carl Zeiss Meditec AG）. 
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　The patients were implanted with either T-IOLs （the T-IOL group） or N-IOLs （the N-IOL group）. 

N-IOLs were implanted before March 2012, T-IOL implantation was only initiated after March 2012, and 

the OC technique was used for T-IOL implantations performed after May 2015. The candidates for T-IOL 

implantation were those with a reproducible keratometric value of > 1.5 diopters （D） obtained using a corneal 

tomographer （TMS-5, Tomey Corporation） that uses both Placido and Scheimpflug technology. With regards 

to the amount and axis of corneal astigmatism, the regular astigmatism component of the Fourier analysis 

was used to exclude the effects of irregular astigmatism that could not be evaluated with a keratometer. 

Data were entered into the online calculator provided by the manufacturers. Considering the post-operative 

age-related shift to against-the-rule astigmatism, under-correction （1.0 – 2.0 D） of with-the-rule astigmatism 

was intended. We used the online toric calculator produced by manufacturer of implanted T-IOL using the 

Holladay formula. The AcrySof IQ toric IOL （Alcon Vision LLC, Fort Worth） was used for 10 eyes, and the 

Tecnis toric IOL （Johnson & Johnson Vision, Inc.） was implanted in 4 eyes （Table 1）.

Table 1. Characteristics of the toric and non-toric IOL groups
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Surgery

　Surgery was performed under general anesthesia, with the exception of one 16-year-old patient, whose 

surgery was conducted under local anesthesia. The IOL implantations were performed through a 2.4-mm 

width superior sclerocorneal incision in all cases. The sizes of continuous curvilinear capsulorhexis （CCC） 

of the anterior capsule was 5.5 mm. The lens was aspirated by an irrigation/aspiration tip after CCC of the 

anterior capsule. In all eyes with T-IOL, a preoperative tomographic map, and a pre-operative photograph 

that showed the cornea and limbal vessels were used to mark the targeted astigmatism axis intraoperatively, 

and the T-IOL was aligned to the marks. For surgery with OC, the center of the posterior capsule was 

punctured by a 25-gauge needle, and a viscoelastic material was injected into the Berger’s space, followed by 

posterior capsule CCC by forceps. The IOL was first implanted in the capsular bag, then the optics of the IOL 

were placed beneath the posterior capsule, with the exception of the parts of the junction with haptics. The 

intraoperative and postoperative complications were reviewed from the medical charts.

Corrected Distance Visual Acuity （CDVA）

　The CDVA was measured using a Landolt ring at a 5 m distance, and the decimal acuity was converted 

to logMAR units. Children with a minimum CDVA of 2.0 or better were evaluated in logMAR units, and the 

pre-and postoperative CDVAs were compared between the T-IOL and N-IOL groups, as well as between the 

OC and non-OC groups within the T-IOL group.

Astigmatism Correction

　Prior to surgery, the T-IOL patients underwent examination of objective refraction with an 

autokeratometer, and corneal tomography was performed to evaluate the corneal cylinder power and axis for 

the T-IOL. Postoperative objective refraction was evaluated with a Hartmann-Schack aberrometer （Topcon 

KR-1W, Topcon Corporation）16 at approximately 1 week and 1 year postoperatively. This instrument enables 

assessment of the misalignment of the T-IOLs by showing the axis of the corneal cylinder and that of the 

internal cylinder derived from the T-IOL. The difference between the corneal flat axis and the steep axis 

of the internal cylinder was considered as axial misalignment （AM）. The postoperative AM in the subjects 

with T-IOLs between the OC and non-OC groups were compared. The astigmatic correction was evaluated 

using vector analysis, and a double-angle plot was used to show the postoperative corneal cylinder and 

postoperative ocular cylinder （Figure 1）. The angles of the left eyes were reversed to the y axis symmetry 

in order to correct for enantiomorphism of the right and left eyes （left-eye corrected）. 
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Statistics

　Statistical analyses were performed using a commercial statistical software （Stat Flex version 7, Artech 

Co. Ltd.）. Continuous data are presented as the mean±standard deviation. Chi-square tests were used to 

compare proportions, and Mann-Whitney U-test and Wilcoxon signed-rank test were used for quantitative 

data. P-values < 0.05 were considered statistically significant.

Results

Case Report

　A 12-year-old girl was referred to our hospital for surgical treatment of bilateral cataracts. The 

preoperative astigmatism of her right eye was 3.94 D using the TMS-5. A T-IOL of a corneal plane power 

of 1.55 D （SN6AT4, Alcon） was implanted in her right eye using the OC technique.  The residual cylinder 

power was -1.25 D （ axis 180°） on postoperative day 1, and -1.50 D （axis 180°） at postoperative 15 months 

（Figure 2）. The AM of the T-IOL, calculated from the corneal and internal astigmatism, was 2° at both 

postoperative 1 day and 15 months. No visual axis opacification was observed at postoperative 15 months, and 

the uncorrected decimal VA of her right eye was 1.0,  with a manifest refraction of -1.5×180°.

Figure 1．  Double-angle vector analysis of 
corneal and ocular cyl inder at 
postoperative 1 year. Postoperative 
slit-lamp photographs of a patient who 
underwent a toric IOL implantation 
with optic capture.

Figure 2．  Postoperative slit-lamp photographs of a patient who underwent a toric IOL 
implantation with optic capture.

（Left） Postoperative 1 day. （Right） Postoperative 15 months: A clear visual axis 
without rotation of the toric IOL is observed. 
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Demography

　The average age of the patients at the time of surgery was 7.8±3.8 years: 7.7±3.7 years （range, 3 – 13 

years） for the N-IOL group, and 8.1±4.1 years （range, 3 – 16 years） for the T-IOL group. There was no 

significant difference in age between the two groups （P=0.78253, Mann-Whitney U-test）. The average 

follow-up period was 31.2±27.6 months （range, 9 – 96 months）: 35.6±32.0 months （range, 9 – 96 months） for 

the N-IOL group, and 24.3±17.8 months （range, 9 – 72 months） for the T-IOL group. 

　The N-IOL group included 22 eyes of 15 patients （15 eyes of 10 boys and 7 eyes of 5 girls）, while the 

T-IOL group included 14 eyes of 11 patients （6 eyes of 6 boys and 8 eyes of 5 girls）. Three patients （2 boys 

and 1 girl） had a T-IOL in one eye and N-IOL in the contralateral eye. No significant difference was observed 

in the preoperative corneal cylinder power between the T-IOL group （3.3±1.2 D, range, 1.3 – 4.8 D） and 

N-IOL group （2.5±1.1 D, range, 1.0 – 5.1） （P=0.081, Mann-Whitney U-test）. In the T-IOL group, the mean of 

postoperative corneal cylinder and ocular cylinder at 1 year were 3.3±1.2 （range, 1.8 – 6.0） D and 1.4±0.8 

（range, 0.4 – 3.5） D, respectively. Eleven of the 14 eyes in the T-IOL group, and 20 of the 22 eyes in the N-IOL 

group were followed-up for more than 1 year postoperatively.

　OC was performed in 15 eyes （68.2 %） in the N-IOL group, and in 10 eyes （71.4 %） in the T-IOL group. 

The average age of the patients at the time of cataract surgery with and without OC was 6.7±3.3 years 

（range, 3 – 12 years） and 10.5±3.5 years （range, 6 – 13 years）, respectively. The T-IOLs used in this study 

are shown in Table 1. The intraocular pressure was 16.1±3.1 / 13.1±5.0 （range, 11 – 20 mmHg / 3 – 21 

mmHg） at 1 day after surgery （T-IOL group / N-IOL group）.

Corrected Distance Visual Acuity （CDVA）

　Mean of pre-and postoperative 1 year CDVAs for the T-IOL group was 0.57 （range, 0.10 – 2.0） / 0.003±0.8 

（range, – 0.08 – 0.15） and N-IOL groups was 0.71 （range, 0 – 1.70） / 0.09 （range, – 0.30 – 1.30）. No significant 

difference was observed in the preoperative （P=0.435） or postoperative （P=0.464） CDVAs between the 

two groups （Mann-Whitney U-test）. While a significant difference was observed between the pre-and 

postoperative 1 year CDVAs in the OC group （P=0.002, Wilcoxon signed-rank test）, no significant difference 

was found in the non-OC group （P=0.125, Wilcoxon signed-rank test）. 

Astigmatism Correction

　In the T-IOL group, all eyes had with-the-rule astigmatism, and the average corneal cylinder before 

surgery was 3.37±0.91 D （range, 1.46 – 4.79 D） using a corneal tomographer. Furthermore, 12 of 14 eyes had 

a corneal cylinder of 3.0 D or more. At postoperative 1 year in the T-IOL group, the average ocular cylinder 

（1.38±0.80 D, range, 0.36 – 3.48 D） was significantly smaller than the average corneal cylinder （3.33±1.24 D, 

range, 1.81 – 5.95 D） with KR-1W （P=0.00012, Wilcoxon signed-rank test）. 

　In the N-IOL group, 4 eyes of 2 patients had severe astigmatism. However, these eyes were not considered 
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as indication of T-IOL owing to the poor reproducibility of the corneal tomographer in both eyes of one 

patient or a large component of irregular astigmatism in both eyes of another patient. 

　Figure 2 shows the vector analysis results for the postoperative ocular cylinder and the postoperative 

corneal cylinder at 1 year. Vector analysis indicated that the average of the corneal cylinder  （3.12 D, axis 

179.15 degree） was corrected by the T-IOL, and the mean of the ocular cylinder was  0.90 D, axis 175.4 

degree . In addition, the astigmatism correction by the T-IOL was  2.13 D, axis 0.2 degree using the Alpins 

method. Although only two eyes had corneal cylinder less than 2 D preoperatively, all eyes except one had 

an ocular cylinder of less than 3 D at postoperative 1 year （Figure 3）. The surgically induced astigmatism in 

all patients was  0.44±0.36 D （range, 0 – 0.88; 30 eyes） at postoperative 1 day to 1 week based on the Alpins 

method.

Axis Misalignment of the T-IOLs

　Table 2 indicates the  axis misalignment of the T-IOL, with or without optic capture, at postoperative 1 

week （7.2±12.9 days） and 1 year （12.9±2.2 months）. The OC group had  significantly less AM than the 

non-OC group at  postoperative 1 week  （ P=0.009   , Mann-Whitney U-test）. Likewise, the OC group had a 

significantly smaller change in AM than the non-OC group from postoperative 1 week to postoperative 1 year 

（P=0.024, Mann-Whitney U-test）.

Intraoperative and Postoperative Complications 

　During surgery, no herniation of the vitreous into the anterior chamber was observed in any of the eyes. 

In addition, no postoperative visual axis opacification was observed in eyes with OC （25 eyes with a mean 

follow-up of 25.4±23.2 months）. By contrast, in eyes without OC, postoperative visual axis opacification was 

observed in 6 of 11 eyes with a mean follow-up of 21.0±6.4 months. No increase in postoperative intraocular 

pressure （>21 mmHg）  was observed in any of the included eyes. 

Figure 3． Preoperative （left） and postoperative 1 year （right） distribution of the refractive 
astigmatism in eyes in which toric IOL was implanted. 
Left: Auto-keratorefractometer, right: aberrometer
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Discussion

　This study demonstrated that T-IOL implantation can achieve effective astigmatic correction in pediatric 

cataract patients with astigmatism. Moreover, the OC technique is likely to not only maintain a clear visual 

axis, but also to reduce postoperative AM of the T-IOL. To the best of our knowledge, our study is the first 

to show the efficacy of OC in reducing AM of the T-IOL in cataract surgery case series.

　Previous studies have revealed a high rate of astigmatism （>1 D） in children with congenital cataract in 

Denmark （52%）7 and China （79%）. 8 Furthermore, in astigmatism-related amblyopia in children, treatment 

effects primarily occur early in treatment with spectacle correction. 17, 18 Therefore, we considered that 

correction of severe astigmatism by T-IOL should be effective for improving postoperative visual function 

in patients with pediatric cataract, and began to use T-IOL in their treatment. As a result, in this study, 

compared to the N-IOL group, the T-IOL group with severe corneal astigmatism showed comparable 

postoperative CDVAs to those of N-IOL group. Similar attempts have been reported, where it appeared that 

they aimed for complete reduction of cylinder power and did not evaluate AM. 9, 10 In our study, in view of 

the long-term changes in astigmatism, i.e., a significant trend toward against-the-rule astigmatism associated 

with increasing age of both anterior and total corneal astigmatisms for adults. 19−21 We chose a cylinder 

power of the T-IOL that would target postoperative with-the-rule astigmatism of 1.0 – 2.0 D, and we evaluated 

for AM postoperative 1 week and 1year. The exception was in the first four cases, when T-IOL implantation 

was first initiated in pediatric cataract patients in our institute. Our results showed that the cylinder power in 

ocular astigmatism at postoperative 1 year was 0.42 – 1.73 D in the OC group in the T-IOL group, which we 

consider within the range we aimed to achieve （Figure 1）. Additionally, none of the patients showed against-

the-rule astigmatism by overcorrection.

Table 2. Axis misalignment of toric IOL with and without optic capture
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　As most of our patients are young, their eye growth is ongoing. Therefore, we have not attempted any 

remaining refractive error correction by laser refractive surgery, such as advanced surface ablation, LASIK, 

or SMILE. However, these techniques could be used in the future once the patient is at least 18 years old 

and eye growth has stabilized. Another method of correcting postoperative refractive errors is the use of 

light-adjustable IOL. 22 However, we suppose the long-term stability and safety of the lens have to be well 

established before its clinical use for children who may live 70 to 80 years or longer postoperatively.

　Regarding the effect of OC in pediatric cataract surgery, Gimbel et al. 23 reported that with the OC 

technique, no postoperative opacification of the visual axis was observed in 18 of 18 eyes with 35.5±9.45 

months follow-up. Vasavada et al. 24 also reported that with the OC technique, postoperative opacification 

of the visual axis was noted in 1 of 8 eyes. In our data, postoperative visual axis opacification was not 

observed in all 25 eyes in which OC was used, with 25.4±23.2 months follow-up, while, in eyes in which OC 

was not used, 6 of 11 eyes developed postoperative visual axis opacification. YAG laser capsulotomy can be 

employed for the postoperative visual axis opacification in eyes without a posterior capsulorhexis. As it can 

be performed in an outpatient clinic only on relatively older children, posterior capsulorhexis is recommended 

for relatively younger children. Thus, OC seems to be beneficial in preventing postoperative visual axis 

opacification.

　We performed anterior and posterior capsulorhexis manually by capsule forceps. Although a femtosecond 

laser could provide more uniform capsulorrhexis, 25, 26 there are limitations to adopting this technique widely, 

such as the need to obtain a costly laser machine and implement complex surgical procedures and set-up; i.e., 

the general anesthesia device and the laser machine should be in the same operation room. 

　The use of a capsular tension ring （CTR） has been attempted to prevent toric IOL rotation. It is 

technically easier than OC. However, the efficacy of CTR in preventing toric IOL rotation has not been well 

established, as there have been positive 27 and negative results. 28

　In addition to preventing postoperative visual axis opacification, Vasavada et al. 24 suggested that OC can 

prevent IOL decentration by locking the IOL haptics by the continuous margin of the posterior capsule. In 

adult cataract surgery, the reverse OC technique is beneficial in stabilizing T-IOL. 29 In this study, the OC 

seemed to be effective in reducing AM of the T-IOL, most likely by preventing IOL rotation and stabilizing 

the IOL postoperatively. This may explain why we observed less AM in the OC group at postoperative 1 

week and 1 year. In addition, the change in the AM between postoperative 1 week and 1 year was smaller 

in the OC group. This result indicates that postoperative rotation of the T-IOL can be effectively prevented 

using the OC technique. 

　In the OC and non-OC groups, 12 eyes of 9 patients （10 eyes with OC and 2 eyes without OC） had AM ≤ 

15°, and their astigmatism was evaluated. Our results indicated a postoperative improvement in astigmatism 

in all cases （P＝0.00012, Wilcoxon signed-rank test; Figure 2）. According to data from previous studies, a 

deviation of 10° can reduce the correctional effect by approximately one-third. 30, 31 In this study, we measured 
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AM by the difference of the axis of the flatter internal cylinder （flattest toric IOL meridian） and the axis 

of corneal cylinder （steeper meridian）. Although this method reflects the AM of the T-IOL at the time of 

measurement, it cannot determine when the AM occurred （i.e., before the first measurement）, or the degree 

of AM at the time of surgery. This is one major limitation of the method used in this study. Other limitations 

include the small number of patients, differences in preoperative corneal astigmatism between the T-IOL and 

N-IOL, and a relatively short-term follow up.

　We believe that T-IOL implantation combined with the OC technique is an effective treatment option in 

pediatric cataract surgery in patients with severe astigmatism.

Value Statement

“What Was Known”

● �The use of toric IOL has already become a standard of care for adult cataract eyes with severe 

astigmatism.　It effectively reduces ocular aberrations and achieves excellent distance vision.

● �The optic capture technique has been used to prevent postoperative visual axis opacity in pediatric 

cataract surgery, in which posterior capsule is removed as a standard surgical technique.

“What This Paper Adds”

● �Toric IOL in pediatric cataract with severe corneal astigmatism is effective in reducing postoperative 

ocular astigmatism.

● �Optic capture technique is useful in preventing axis misalignment of toric IOL.

─ 10 ─



References

１．Demirkılınç Biler E, Yıldırım Ş, Üretmen Ö, Köse S. Long-term results in pediatric developmental 

cataract surgery with primary intraocular lens implantation. Turk J Ophthalmol 2018 ;48 : 1-5 

２．Weakley DR Jr, Lynn MJ, Dubois L, Cotsonis G, Wilson ME, Buckley EG, Plager DA, Lambert SR ;  

Infant Aphakia Treatment Study Group. Myopic shift 5 years after IOL implantation in the Infant 

Aphakia Treatment Study. Ophthalmology 2017 ;124 : 822-827 

３．Sminia ML, de Faber JT, Doelwijt DJ, Wubbels RJ, Tjon-Fo-Sang M. Axial eye length growth and 

final refractive outcome after unilateral paediatric cataract surgery. Br J Ophthalmol 2010 ;94 : 547-550

４．Valera Cornejo DA, Flores Boza A. Relationship between preoperative axial length and myopic shift 

over 3 years after congenital cataract surgery with primary intraocular lens implantation at the 

National Institute of Ophthalmology of Peru 2007-2011. Clin Ophthalmol 2018 ;12 : 395-399

５．Sefi-Yurdakul N, Berk AT. Primary and secondary intraocular lens implantations in children with 

pediatric cataract :visual acuity and strabismus at the age of 2 years and older. J Pediatr Ophthalmol 

Strabismus 2017 ;54 : 97-102

６．Astle WF, Alewenah O, Ingram AD, Paszuk A. Surgical outcomes of primary foldable intraocular 

lens implantation in children :understanding posterior opacification and the absence of glaucoma. J 

Cataract Refract Surg 2009 ;35 : 1216-1222

７．Rasul A, Kessel L. Prevalence of anterior polar cataracts in children and risk factors for amblyopia. 

Acta Ophthalmol 2019 ;97 : 486-490 

８．Lin D, Chen J, Liu Z, Wu X, Long E, Luo L, Lin Z, Li X, Zhang L, Chen H, Liu J, Chen W, Lin H, Liu Y. 

Prevalence of corneal astigmatism and anterior segmental biometry characteristics before surgery in 

chinese congenital cataract patients. Sci Rep 2016 25 ; 6 : 22092

９．Vasavada V, Shastri L, Vasavada AR, Patel P, Agarwal D, Vasavada SA, Vasavada VA, Praveen M, 

Srivastava S.Visual outcomes after toric intraocular lens implantation in pediatric eyes undergoing 

cataract surgery. J Cataract Refract Surg 2020 ;46 : 1102-1107

１０．Ram J, Singh R, Gupta R, Bhutani G, Gupta PC, Sukhija J. Toric intraocular lens implantation 

in children with development cataract and preexisting corneal astigmatism. Acta Ophthalmol 

2017 ;95 : e95-e100

１１．Gimbel HV, Camoriano GD, Aman-Ullah M. Bilateral implantation of scleral-fixated cionni 

endocapsular rings and toric intraocular lenses in a pediatric patient with Marfan’s syndrome. Case 

Rep Ophthalmol 2012 ;3 : 16-23

１２．Inoue Y, Takehara H, Oshika T. Axis Misalignment of Toric Intraocular Lens :Placement Error and 

Postoperative Rotation. Ophthalmology 2017 ;124 : 1424-1425

１３．Gimbel HV, DeBroff BM. Posterior capsulorhexis with optic capture :maintaining a clear visual axis 

after pediatric cataract surgery. J Cataract Refract Surg 1994 ;20 : 658-664

─ 11 ─



１４．Gimbel HV, DeBroff BM. Intraocular lens optic capture. J Cataract Refract Surg 2004 ;30 : 200-206

１５．Zhou HW, Zhou F. A Meta-analysis on the clinical efficacy and safety of optic capture in pediatric 

cataract surgery. Int J Ophthalmol 2016 ;9 : 590-596

１６．Maeda N. Clinical applications of wavefront aberrometry - a review. Clin Exp Ophthalmol 

2009 ;37 : 118-129

１７．Pascual M, Huang J, Maguire MG, Kulp MT, Quinn GE, Ciner E, Cyert LA, Orel-Bixler D, Moore 

B, Ying GS ;  Vision In Preschoolers （VIP） Study Group. Risk factors for amblyopia in the vision in 

preschoolers study. Ophthalmology 2014 ;121 : 622-629

１８．Dobson V, Miller JM, Harvey EM, Mohan KM. Amblyopia in astigmatic preschool children. Vision 

Res 2003 ;43 : 1081-1090

１９．Gudmundsdottir E, Arnarsson A, Jonasson F. Five-year refractive changes in an adult 

population :Reykjavik Eye Study. Ophthalmology 2005 ;112 : 672-677

２０．Lam AK, Chan CC, Lee MH, Wong KM. The aging effect on corneal curvature and the validity of 

Javal’s rule in Hong Kong Chinese. Curr Eye Res 1999 ;18 : 83-90

２１．Goto T, Klyce SD, Zheng X, Maeda N, Kuroda T, Ide C. Gender-and age-related differences in corneal 

topography. Cornea 2001 ;20 : 270-276

２２．Ford J, Werner L, Mamalis N. Adjustable intraocular lens power technology. J Cataract Refract Surg 

2014 ;40（7）:1205-1223

２３．Gimbel HV. Posterior continuous curvilinear capsulorhexis and optic capture of the intraocular lens to 

prevent secondary opacification in pediatric cataract surgery. J Cataract Refract Surg 1997 ;23 Suppl 

1 : 652-656

２４．Vasavada AR, Desai J. Primary posterior capsulorhexis with and without anterior vitrectomy in 

congenital cataracts. J Cataract Refract Surg 1997 ;  23 Suppl 1 : 645-651

２５．Dick HB, Schultz T. Femtosecond laser-assisted cataract surgery in infants. J Cataract Refract Surg. 

2013 ;39（5）:665-668

２６．Corredor-Ortega C, Gonzalez-Salinas R,Montero MJ, González-Flores R, Collura-Merlier A, Cervantes-

Coste G, Mendoza-Schuster E, Velasco-Barona C. Femtosecond laser-assisted cataract surgery in 

pediatric patients. J AAPOS. 2018 ;22（2）:148-149

２７．Rastogi A, Khanam S, Goel Y ;  Kamlesh ;  Thacker P, Kumar P. Comparative evaluation of rotational 

stability and visual outcome of toric intraocular lenses with and without a capsular tension ring. 

Indian J Ophthalmol. 2018 ;66（3）:411-415

２８．Vokrojová M, Havlíčková L, Brožková M, Hlinomazová Z. Effect of capsular tension ring implantation 

on postoperative rotational stability of a toric intraocular lens. J Refract Surg. 2020 ;36（3）:186-192

２９．Gimbel HV, Amritanand A. Reverse optic capture to stabilize a toric intraocular lens. Case Rep 

Ophthalmol 2013 ;4 : 138-143

─ 12 ─



３０．Zhao Y, Li J, Yang K, Li X, Zhu S. Combined special capsular tension ring and toric IOL implantation 

for management of astigmatism and high axial myopia with cataracts. Semin Ophthalmol 

2018 ;33 : 389-394

３１．Hahn U, Krummenauer F, Schmickler S, Koch J. Rotation of a toric intraocular lens with and without 

capsular tension ring :data from a multicenter non-inferiority randomized clinical trial （RCT）. BMC 

Ophthalmol 2019 ;19 : 143

─ 13 ─




