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Objective: To evaluate the accuracy of different intraocular lens (IOL) power calculation formulas and develop prognostic nomograms to predict the risk of postoperative refractive error in primary angle-closure glaucoma (PACG) patients.

Methods: A total of 111 eyes with PACG underwent goniosynechialysis combined with phacoemulsification and IOL implantation were included. SRK/T, Barrett II, Hoffer Q, and Kane formulas were used to predict postoperative refraction. Prediction error (PE) and absolute predictive error (APE) produced by the four formulas were calculated and compared. An APE >0.50 D was defined as the event. Binary logistic regression analysis and prognostic nomogram models were conducted to investigate reliable predictors associated with postoperative refraction.

Results: The Kane (−0.06 D) and Barrett II (−0.07 D) formulas had mean prediction error close to zero (p = 0.44, p = 0.41, respectively). The Hoffer Q and SRK/T produced significantly myopic outcomes (p = 0.003, p = 0.013, respectively). The percentage of eyes within ± 0.5 D was 49.5% (55/111), 44.1% (49/111), 43.2% (48/111), and 49.5% (54/111), for the Kane, Barrett II, Hoffer Q, and SRK/T formula, respectively. Nomogram showed that AL had the greatest impact on the refractive outcomes, indicating a shorter preoperative AL is associated with a greater probability of refractive error event. The area under the receiver operator curve (AUC) of the nomogram for the Kane, Barrett II, Hoffer Q, and SRK/T was 0.690, 0.701, 0.708, and 0.676, respectively.

Conclusions: The Kane and Barrett II formulas were comparable, and they outperformed Hoffer Q and SRK/T in the total eyes with PACG receiving cataract surgery combined with goniosynechialysis. The developed nomogram models can effectively predict the occurrence of postoperative refractive error events.
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INTRODUCTION

Primary angle-closure glaucoma (PACG) is one of the leading causes of irreversible blindness, disproportionally affecting Asians (1). It has been estimated to affect more than 20 million people worldwide by 2020 (2). PACG is characterized by progressively peripheral anterior synechiae which leads to closure of the anterior chamber drainage angle with subsequently elevated intraocular pressure (IOP). It has been reported that compared with trabeculectomy, goniosynechialysis (GSL) combined with phacoemulsification and intraocular lens (IOL) implantation (phaco-IOL-GSL) could reduce peripheral anterior synechiae, remove pupillary block, and also relieve the crowded anterior chamber, which has become an effective and safe treatment option for patients with PACG with coexisting cataract (3, 4).

However, the inaccurate IOL power prediction in patients with PACG can be a significant problem resulting in unsatisfying postoperative refractive outcomes. A previous study has found that the difference between predicted and actual residual refraction was significantly larger for the PACG group than the normal control group (p = 0.012). Furthermore, a greater proportion of eyes with PACG presented refractive error >0.5 D compared with the normal controls, which was demonstrated in this work (5). Inappropriately chosen IOL power calculation formula (6), corneal edema which affects the accuracy of biometry measurement, ocular anatomy change, and capsular apparatus shifting after the cataract surgery maybe the reasons for the inaccurate IOL power prediction in patients with PACG (7, 8). Recently, more and more biological and clinical variables of patients with PACG have been found to be the potential risk factors associated with unsatisfying refractive outcomes (9, 10). However, few works have investigated the performance of different IOL formulas in eyes with PACG.

Therefore, this work aims to investigate the accuracy of IOL power calculation formulas in patients with PACG who underwent phaco-IOL-GSL. Secondly, we tried to assess risk factors associated with postoperative refractive error. As the nomogram is wildly used as predictive model in medicine, which can generate a particular individual probability of a clinical event by diverse variables and thereby helping clinical decision making (11), we further constructed and evaluated the prognostic nomogram models for different IOL power calculation formulas.



METHODS

This work was a retrospective study which was approved by the Ethics Committee for Human Medical Research at the Joint Shantou International Eye Center of Shantou University and the Chinese University of Hong Kong (No. 2021JSIEC07015), and all procedures were designed to conform to the tenets of the Declaration of Helsinki.


Participants

Patients diagnosed with PACG who underwent phaco-IOL-GSL from July 2018 to September 2020 were consecutively collected and reviewed. The inclusion criteria were: (1) IOL implantation using 920H and 970C IOL model form Rayner Intraocular Lenses Ltd (They are the mostly used lenses in our center, share the same material and IOL design, and were considered the same in this study); (2) cases with complete follow-up medical records; and (3) eyes with postoperative corrected distance visual acuity (CDVA) of 6/20 or more within 1–3-months. Patients with complicated cataract surgery, previous antiglaucoma surgery (such as trabeculectomy and laser peripheral iridectomy), previous corneal or vitreous surgery, acquired retinal diseases, and pathology affecting the accuracy of biometry measurement (such as pterygium, severe corneal or vitreous opacity, macular degeneration, and retinal detachment) were excluded. Only one eye of each participant was included, and the eye with better CDVA was selected if both eyes met the inclusion criteria for a particular individual. Flowchart of inclusion and exclusion of patients is available in Figure 1. All participants underwent complete ophthalmic examinations, including subjective optometry, slit-lamp biomicroscopy examination, and non-dilated indirect ophthalmoscopy examination. Ocular biometric parameters including axial length (AL), keratometry (K), anterior chamber depth (ACD), lens thickness (LT), central corneal thickness (CCT), and white-to-white (WTW) were measured by OA 2000 (Tomey Corporation, Japan) and IOL Master 700 (Carl Zeiss Meditec, Jena, Germany). All operations of selected eyes were performed by Dr. Huang, the chief of glaucoma center.


[image: Figure 1]
FIGURE 1. Flowchart of inclusion and exclusion of patients.




Data Extraction

For OA2000, we used a python script which was provided by an engineer to crawl data stored in the micro-SD card of the device; for IOL master700, data can be downloaded directly from the device. Biology measurement data from different devices were pooled together for statistical analysis and modeling. Clinical data was extracted from the electronic medical record system by the help of information department of the eye center. Data was further matched and joined by patient ID and left/ right eye using R software.



Definition of Events

SRK/T, Barrett Universal II (Barrett II), Hoffer Q, and Kane formulas were used to calculate the IOL power and predict postoperative refraction. Lens constants were from the User Group for Laser Interference Biometry (ULIB)1 for all formulas. The refractive prediction error (PE) was calculated by subtracting the formula-predicted postoperative refraction from the actual postoperative refraction, and the absolute predictive error (APE) was defined as the absolute value of PE. Actual postoperative refraction was defined as spherical equivalent refraction of 1–3 months after cataract surgery. Since accurate IOL power prediction was defined as APE within 0.50 diopters (D), the refractive error event was defined as APE > 0.50 D in the present work. The percentages of eyes with PE within ± 0.50, ± 0.75, and ± 1.00 D of the targeted refraction were also calculated for each formula.



Nomogram Construction and Evaluation

The following data was collected as potential independent variables: (1) demographic characteristics including age and gender; and (2) biometric measurements including AL, K, CCT, ACD, LT, and WTW. Univariate logistic regression model was conducted to evaluate the crude relationship between refractive error events with independent variables, and then all variables underwent multivariate logistic regression analysis. Based on these analyses, a prognostic nomogram model was constructed for each formula. The performance of each model was evaluated from two perspectives: the Discrimination ability of the model was depicted by area under the receiver operator curve (AUC); accuracy of the model was depicted using Hosmer-Lemeshow goodness-of-fit test. The model was internally validated using the bootstrapping method. The source code for logistic regression analysis and nomogram construction was detailed, as described in the Supplementary Material 1.



Statistical Analyses

Statistical analyses were performed by commercially available software (R version 4.0.2, R Foundation; Boston, MA and IBM SPSS Statistics 21; SPSS Inc., Chicago, IL). Shapiro–Wilk test was used to evaluate the normality of the continuous variable. One-sample T-test was used to assess whether the PE for each formula was significantly different from zero. The Friedman test was performed to assess the differences in the absolute errors among formulas, followed by the Wilcoxon signed-rank test with Bonferroni correction to assess whether there was a significant difference between formulas. The Fisher's exact test was employed to evaluate the percentage of PE within ± 0.50 D and ± 0.75 D between the formulas. R packages “regplot,” “rmda,” “rms” were used to construct the nomogram and assess the performance of the predictive model. Mean (mean ± standard deviation) values and relative risks (odds ratios with 95% confidence interval) were presented. The value p < 0.05 was defined as statistically significant.




RESULTS

A total of 111 eyes from 111 participants with a mean age of 64.21 ± 8.06 were included in is work. There were 33 (29.73%) men and 78 (70.27%) women, as well as 63 (56.76%) right eyes and 48 (40.54%) left eyes. Demographic and biometric data of the study population are summarized in Table 1.


Table 1. Clinical characteristics of the study population (N = 111).
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Comparison of IOL Power Calculation Formulas

The predictive outcomes of the four formulas for all eyes are displayed in Table 2 and Figure 2. The Kane (−0.06 D) and Barrett II (−0.07 D) formulas had mean prediction error close to zero, which showed no significant difference from zero (p = 0.44, p = 0.41, respectively). The other two formulas, Hoffer Q and SRK/T produced significantly myopic outcomes (p = 0.003, p = 0.013, respectively). The MedAEs predicted by the Kane, Barrett II, Hoffer Q, and SRK/T formulas showed no significant difference (0.49 D, 0.56 D, 0.57 D, 0.51 D, respectively, P = 0.148). Figure 3 shows the percentages of eyes with PE within ± 0.50 D, ± 0.75 D, and ± 1.00 D of the targeted refraction with four formulas. The percentage of eyes with PE within ± 0.50 D was only slightly higher using the Kane formula (50.45%, 56/111) when compared with the other three formulas (p = 0.688, Fisher's exact test). As for the eyes within ± 0.75 D of the targeted refractive error, the percentage of the Kane and Barrett II formula was equal (65.77%, 73/111) and was higher than the 63.96% (71/111) of SRK/T and 60.36% (67/111) of Hoffer Q formula, but without significance (p = 0.831, Fisher's exact test).


Table 2. Refractive prediction error, mean absolute error and median absolute error produced by each formula.
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FIGURE 2. Scatter plot of prediction error of Kane (A), Barrett II (B), Hoffer Q (C), and SRK/T (D) formula, respectively.



[image: Figure 3]
FIGURE 3. The percentage of eyes with a prediction error within ± 0.5, ± 0.75 and ± 1.00 D for each formula.




Nomogram Development for Investigating Risk Factors

There were 57 (51.4%), 62 (55.9%), 63 (56.8%), and 56 (50.5%) eyes with refractive error events for the SRK/T, Barrett II, Hoffer Q, and Kane formula, respectively. Age, gender, and the ocular biometric parameters (including AL, K, ACD, LT, CCT, and WTW) were assessed in the univariate and multivariate logistic regression analysis to identify the factors that influence PE and further construct the prognostic nomogram. Univariate binary logistic regression analysis of the risk factors for refractive error event showed that AL was significantly associated with postoperative refractive error for all the four formulas (all p < 0.05, Table 3). There was no significant correlation with age, sex, mean K, ACD, LT, CCT, and WTW for all the formulas. Multivariate binary logistic regression analysis revealed that a female sex was significantly associated with the refractive error event when using the Barrett II formula (odds ratio, OR = 0.37, p = 0.043). But for the Kane and Hoffer Q formula, only a shorter AL was significantly associated with the event, and the OR of postoperative refractive error >0.50 D in shorter AL eyes were higher than their counterparts (OR = 0.41, P = 0.016 for the Kane, OR = 0.37, P = 0.009 for the Hoffer Q, respectively). In addition, no preoperative biometric factors closely associated with the refractive outcomes were found for the SRK/T formula in this work. The ORs for all variables in each formula are presented in Table 3.


Table 3. Logistic regression analysis for the refractive error event risk factors.

[image: Table 3]

Based on the results of multivariate logistic regression analysis, we constructed four nomograms to predict refractive errors using different IOL power calculation formulas (Figure 4). All potential risk factors were included in the nomogram, and the effect-quantity of each factor was presented. The effect-quantity was used to show the impact of a potential risk factor on the event and then predict the probability of the event. The greatest effect-quantity in AL was displayed in almost all models, indicating its pivotal role in probability prediction. The AUC of these nomogram models was 0.690 (0.591, 0.789) for Kane, 0.701 (0.603, 0.799) for Barrett II, 0.708 (0.608, 0.808) for Hoffer Q, and 0.676 (0.575, 0.777) for SRKT formula, respectively. Hosmer–Lemeshow goodness-of-fit test showed that there was no significant difference between the actual and the predicted probability of refractive error events in each formula (p-value was 0.358 in the Kane, 0.724 in the Barrett II, 0.326 in the Hoffer Q, and 0.286 in the SRK/T, respectively), indicating a good predictive value.


[image: Figure 4]
FIGURE 4. Nomogram models for the Kane (A), Barrett II (B), Hoffer Q (C), and SRK/T (D) formula, respectively.





DISCUSSION

To the best of our knowledge, this is the first work to evaluate the accuracy of new and traditional IOL calculation formulas and further use prognostic nomogram model to predict the refractive errors in eyes with PACG that underwent phaco-IOL-GSL. The results showed that the Kane and Barrett II formulas were comparable and outperformed the SRK/T and Hoffer Q in the total eyes with PACG. We also demonstrated that all four nomogram models had effective and reliable predictive power. We found that the AL had the greatest impact on the refractive outcomes, thus becoming a useful predictor to predict the risk of postoperative refractive error >0.50 D for patients with PACG.

Several investigations have similar results that phaco-IOL-GSL could effectively decline the peripheral anterior synechia (PAS) and IOP in patients with PACG, thus the cataract surgery could achieve ideal results with better visual acuity (4, 12). Among the emerging modern formulas, there is no consensus on which formula has the most excellent prediction in shallow anterior chamber eyes. The present work mainly focused on the patients with PACG who received phaco-IOL-GSL to control their IOP and evaluated the accuracy of IOL power calculation formulas. No significant difference was detected in the four formulas according to their absolute errors. However, Rhiu et al. (10) found that the SRK/T formula had lower MAE of 0.16 D compared with Hoffer Q and Holladay 2 formula. Gokce et al. (13) reported that Barrett II was more accurate with a smaller MedAE of 0.24 D than that of Hoffer Q, Haigis, and Olsen formulas in shallow anterior chamber eyes. Hipolito-Fernandes et al. (14) demonstrated that Kane formula had the lowest MedAE of 0.277 D and the highest percentage of eyes within ± 0.5 D among the six formulas including Barrett II, Hoffer Q, Haigis, SRK/T, Kane, and RBF 2.0 for the eyes with ACD <3.0 mm. The different results might be due to the inclusion disparity between previous studies and ours because patients who received antiglaucoma surgery previously were excluded in this work. Further investigations are needed to assess whether the operational treatment goniosynechialysis can significantly affect the IOL prediction. In our work, although without significance, the Kane formula produced the lowest MedAE of 0.49 D and the highest percentage of eyes within ± 0.50 D and ± 0.75 D, which was in accordance with the result of Hou et al. (15).

A primary angle-closure eye is characterized with a shorter AL, a smaller ACD, a smaller ACD/AL ratio, a thicker lens, and anterior rotation of ciliary processes (16), thereby leading to the inaccuracy of IOL power prediction. Hyperopic shift is commonly seen when an implanted IOL deviated from the planned position to a more posterior plane due to the deepening of the anterior chamber and a decrease of the AL (8, 17). However, significant myopic shift was noticed in this study when using the SRK/T and Hoffer Q formula, which was similar to the result of Kang et al. (5). The authors thought the instability of the implanted IOL due to the large capsular volume and loosened lens zonules in eyes with PACG contributed to this postoperative myopic shift (18). Taking the current evidence together, a certain anatomical change after cataract surgery makes this discrepancy in IOL power prediction. Comprehensively, Kane was indicated to be excellent in predicting the IOL power in eyes that underwent phaco-IOL-GSL, followed by the Barrett II. In addition, we found that the Hoffer Q was not as accurate as previous studies have reported (6, 19).

The prognostic factors incorporated in our nomograms were clinically accessible and economical. Our nomograms showed that the AL value played a pivotal role in the refractive error prediction, which was to say a shorter AL would lead to a larger risk of having postoperative refractive error >0.50 D. A previous study has reported that decreased AL could result in hyperopic shift in eyes with PACG after cataract extraction, which was in accordance with our results (17). In another study, Kang et al. (5) did not find any significant association between the extents of inaccuracy of IOL power calculation and preoperative anterior segment biometry such as ACD, AL, and LT. But they confirmed that hyperopic and myopic shifting was becoming more and more common in patients with PACG after cataract surgery, and appropriate management should be conducted in such patients. Several studies have showed that age might impact IOL prediction error of the SRK/T formula after cataract surgery (20, 21). It has been reported that older age was associated with greater postoperative refractive error. One possible reason is that the lens becomes more opaque and thicker when getting older, thus increasing the risk of glaucoma and affecting preoperative measurement of ocular biometrics. Moreover, age has been reported to affect the morphology of the Schlemm's canal (SC) and trabecular meshwork (TM) as well as the anterior chamber depth measurement, especially in patients with PACG (22, 23). However, age showed little effect-quantity and was not indicated as a significant predictor in the final nomogram models.

It should be noted that this study has several limitations. Firstly, the nomogram may have limited predictive power because of the relatively small sample size, but the AUC value and Hosmer–Lemeshow goodness-of-fit test have revealed good performance of our prognostic nomogram. Secondly, it is difficult to control the selection bias produced in this retrospective study, and the results may not be as persuasive as prospective studies. We have tried to control the bias through strict inclusion and exclusion criteria in a single race (24). Thirdly, some critical predictive factors, such as choroidal thickness and exact IOP data, were unavailable in our dataset, since maybe we have missed some of the important variables. However, the AL and CCT are thought to be related to the change of IOP, and studying only the ocular biometric variables could avoid the problem of collinearity (25, 26). Finally, the model accuracy has not been estimated with external validation based on other populations, and the AUC value of our nomograms were not relatively high.

In summary, the Kane and Barrett II formulas provided comparable outcomes, which achieved satisfying performance in the eyes with PACG that underwent phaco-IOL-GSL. Myopic outcomes could be seen in the Hoffer Q and SRK/T formulas in this kind of patients. Nomogram models indicated that the preoperative biometric parameter AL is a useful predictor to predict the probability of refractive error exceeding 0.50 D.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee for Human Medical Research at the Joint Shantou International Eye Center of Shantou University and the Chinese University of Hong Kong (No. 2021JSIEC07015). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. Written informed consent was not obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

YL was responsible for conceptualization, conducting the search, methodology, visualization, data curation, and writing the manuscript. CG was responsible for writing the manuscript, original draft preparation, conducting the search, resources, and investigation. LJ, YH, and RZ were responsible for conducting the search, resources, and investigation. CH was responsible for supervision and project administration. KQ and MZ were responsible for supervision, project administration, and reviewing the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the Shantou Medical Health, Science and Technology Project Fund [Project code: No. 106, Shanfu Section (2019)], Shantou, Guangdong, China.



ACKNOWLEDGMENTS

The authors would like to express their deepest gratitude to all the participants in this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.749903/full#supplementary-material



FOOTNOTES

1http://ocusoft.de/ulib/



REFERENCES

 1. Kingman S. Glaucoma is second leading cause of blindness globally. Bull World Health Organ. (2004) 82:887–8. doi: 10.1590/S0042-96862004001100019

 2. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of glaucoma and projections of glaucoma burden through 2040: a systematic review and meta-analysis. Ophthalmology. (2014) 121:2081–90. doi: 10.1016/j.ophtha.2014.05.013

 3. Wang L, Ren C, Lu P. Effects of phacoemulsification combined with goniosynechialysis on primary angle-closure glaucoma. J Glaucoma. (2020) 29:e142. doi: 10.1097/IJG.0000000000001663

 4. Zhang H, Tang G, Liu J. Effects of phacoemulsification combined with goniosynechialysis on primary angle-closure glaucoma. J Glaucoma. (2016) 25:e499–503. doi: 10.1097/IJG.0000000000000297

 5. Kang SY, Hong S, Won JB, Seong GJ, Kim CY. Inaccuracy of intraocular lens power prediction for cataract surgery in angle-closure glaucoma. Yonsei Med J. (2009) 50:206–10. doi: 10.3349/ymj.2009.50.2.206

 6. Joo J, Whang WJ, Oh TH, Kang KD, Kim HS, Moon JI. Accuracy of intraocular lens power calculation formulas in primary angle closure glaucoma. Korean J Ophthalmol. (2011) 25:375–9. doi: 10.3341/kjo.2011.25.6.375

 7. Lai JS, Tham CC, Chan JC. The clinical outcomes of cataract extraction by phacoemulsification in eyes with primary angle-closure glaucoma (PACG) and co-existing cataract: a prospective case series. J Glaucoma. (2006) 15:47–52. doi: 10.1097/01.ijg.0000196619.34368.0a

 8. Nonaka A, Kondo T, Kikuchi M, Yamashiro K, Fujihara M, Iwawaki T, et al. Angle widening and alteration of ciliary process configuration after cataract surgery for primary angle closure. Ophthalmology. (2006) 113:437–41. doi: 10.1016/j.ophtha.2005.11.018

 9. Seo S, Lee CE, Kim YK, Lee SY, Jeoung JW, Park KH. Factors affecting refractive outcome after cataract surgery in primary angle-closure glaucoma. Clin Exp Ophthalmol. (2016) 44:693–700. doi: 10.1111/ceo.12762

 10. Rhiu S, Lee ES, Kim TI, Lee HS, Kim CY. Power prediction for one-piece and three-piece intraocular lens implantation after cataract surgery in patients with chronic angle-closure glaucoma: a prospective, randomized clinical trial. Acta Ophthalmol. (2012) 90:e580–5. doi: 10.1111/j.1755-3768.2012.02499.x

 11. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology: more than meets the eye. Lancet Oncol. (2015) 16:e173–80. doi: 10.1016/S1470-2045(14)71116-7

 12. Razeghinejad MR, Rahat F. Combined phacoemulsification and viscogoniosynechialysis in the management of patients with chronic angle closure glaucoma. Int Ophthalmol. (2010) 30:353–9. doi: 10.1007/s10792-010-9353-4

 13. Gokce SE, Montes DOI, Cooke DL, Wang L, Koch DD, Al-Mohtaseb Z. Accuracy of 8 intraocular lens calculation formulas in relation to anterior chamber depth in patients with normal axial lengths. J Cataract Refract Surg. (2018) 44:362–8. doi: 10.1016/j.jcrs.2018.01.015

 14. Hipolito-Fernandes D, Luis ME, Serras-Pereira R, Gil P, Maduro V, Feijao J, et al. Anterior chamber depth, lens thickness and intraocular lens calculation formula accuracy: nine formulas comparison. Br J Ophthalmol. (2020) 2020:317822. doi: 10.1136/bjophthalmol-2020-317822

 15. Hou M, Ding Y, Liu L, Li J, Liu X, Wu M. Accuracy of intraocular lens power calculation in primary angle-closure disease: comparison of 7 formulas. Graefes Arch Clin Exp Ophthalmol. (2021) 21:5295. doi: 10.1007/s00417-021-05295-w

 16. Dada T, Sihota R, Gadia R, Aggarwal A, Mandal S, Gupta V. Comparison of anterior segment optical coherence tomography and ultrasound biomicroscopy for assessment of the anterior segment. J Cataract Refract Surg. (2007) 33:837–40. doi: 10.1016/j.jcrs.2007.01.021

 17. Francis BA, Wang M, Lei H, Du LT, Minckler DS, Green RL, et al. Changes in axial length following trabeculectomy and glaucoma drainage device surgery. Br J Ophthalmol. (2005) 89:17–20. doi: 10.1136/bjo.2004.043950

 18. Marchini G, Pagliarusco A, Toscano A, Tosi R, Brunelli C, Bonomi L. Ultrasound biomicroscopic and conventional ultrasonographic study of ocular dimensions in primary angle-closure glaucoma. Ophthalmology. (1998) 105:2091–8. doi: 10.1016/S0161-6420(98)91132-0

 19. Yang S, Whang WJ, Joo CK. Effect of anterior chamber depth on the choice of intraocular lens calculation formula. PLoS One. (2017) 12:e189868. doi: 10.1371/journal.pone.0189868

 20. Hayashi K, Ogawa S, Yoshida M, Yoshimura K. Influence of patient age on intraocular lens power prediction error. Am J Ophthalmol. (2016) 170:232–7. doi: 10.1016/j.ajo.2016.08.016

 21. Nuzzi G, Cantu C, De Giovanni MA. Older age as risk factor for deviation from emmetropia in pseudophakia. Eur J Ophthalmol. (2001) 11:133–8. doi: 10.1177/112067210101100205

 22. Hashemi H, Yekta A, Khodamoradi F, Aghamirsalim M, Asharlous A, Assadpour M, et al. Anterior chamber indices in a population-based study using the Pentacam. Int Ophthalmol. (2019) 39:2033–40. doi: 10.1007/s10792-018-1037-5

 23. Chen Z, Sun J, Li M, Liu S, Chen L, Jing S, et al. Effect of age on the morphologies of the human Schlemm's canal and trabecular meshwork measured with sweptsource optical coherence tomography. Eye. (2018) 32:1621–8. doi: 10.1038/s41433-018-0148-6

 24. Dias DT, Almeida I, Sassaki AM, Juncal VR, Ushida M, Lopes FS, et al. Factors associated with the presence of parafoveal scotoma in glaucomatous eyes with optic disc hemorrhages. Eye. (2018) 32:1669–74. doi: 10.1038/s41433-018-0159-3

 25. Thapa SS, Paudyal I, Khanal S, Paudel N, Mansberger SL, van Rens GH. Central corneal thickness and intraocular pressure in a Nepalese population: the Bhaktapur Glaucoma Study. J Glaucoma. (2012) 21:481–5. doi: 10.1097/IJG.0b013e3182182c0f

 26. Wolfs RC, Klaver CC, Vingerling JR, Grobbee DE, Hofman A, de Jong PT. Distribution of central corneal thickness and its association with intraocular pressure: the Rotterdam Study. Am J Ophthalmol. (1997) 123:767–72. doi: 10.1016/S0002-9394(14)71125-0

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Li, Guo, Huang, Jing, Huang, Zhou, Qiu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-749903-t001.jpg
Parameter Mean & SD Range

Age (y1) 64.21 + 8.06 (46,83)
Gender, n (%)

Male 33(29.73%)

Female 78 (70.27%)

Eye, n (%)

Right 63(56.76%)

Left 48 (40.54%)

Mean K (D) 44592 1.56 (40.16, 49.10)
Flat K (D) 44.11%1.56 (3931, 48.56)
Steep K (D) 4507 +1.63 (4102, 49.63)
AL (mm) 22.42 £ 0.87 (1968, 24.50)
ACD (mm) 231£024 (1.69,2.90)
LT (mm) 497 £032 (4.33,5.78)
WTW (mm) 1134+ 0.48 (10.14, 12.60)
CCT (um) 552.67 + 37.68 (475.00, 643.77)
0L power 24.00 +2.38 (1600, 30.00)
10L model, n (%)

Rayner 920H 29(26.13%)

Rayner 970G 82 (73.87%)

AL, axial length; K, keratometry; ACD, anterior chamber depth; LT, lens thickness; CCT,
central corneal thickness; W2W, white to white distance; IOL, intraocular lens; D, diopter.
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Kane —0.06 £ 0.86 0.66 £ 0.55 0.49 (0.70)
Barrett Il —0.07 £0.89 0.68 £ 0.57 0.56 (0.80)
Hoffer Q —0.26 £ 0.90™ 0.72 £ 0.59 0.57 (0.73)
SRK/T -0.21 £0.87* 0.69 £ 0.57 0.51(0.86)
P-value - 0.148 0.148

ME, mean prediction error; MAE, mean absolute error; MedAE, median absolute error;
D, diopter

2One-sample T-test analysis.

Friedmen test analysis.

"P<0.05.
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Univariate

Kane Barrett Il Hoffer @

Age  098(0.93,1.03) 099(0.94,103)  1.01(0.96,1.06)
Female 1.50(0.66,3.47) 0.63(0.28,0.99) 0.5 (0.41,2.16)
AL 1.72(1.1,2:81) 051 (031, 0.81)* 0.46 (0.27, 0.75)"*
MeanK 0.83(0.64,1.05) 1.28(1.00,1.67)- 125 (0.98, 1.63)-
ACD  122(0.25,6.13) 071(0.14,355) 0.86(0.17,4.33)
[y 062(0.19,2.08) 0.81(0.24,2.65)  0.43(0.12, 1.42)
COT  1.00(0.99,1.01) 1.00(0.99,1.01)  1.00(1.00, 1.01)
WIW  094(0.43,2.08) 0.47(0.20,1.08)}  0.56 (0.24, 1.25)

Data was presented as odds ratio (95% confidence interval).

SRK/T

1.00 (0.95, 1.04)
0.70(0.30, 1.59)
062 (0.38, 0.97)*
1.18(092, 1.51)
058 (0.11,2.86)
057 (0.17, 1.87)
1.00 (0,99, 1.01)
087 (0.39, 1.91)

Kane

1.03 (0.98, 1.09)
052 (0.20, 1.32)
0.41 (0.19,0.82)*
1.01 (0,71, 1.44)
1.01(0.14, 7.11)
1.49 (0.38, 6.10)
1.00 (0.99, 1.01)
1.84(0.69, 5.12)

Multivariate (full model)

Barrett Il

0.99 (0.94, 1.05)
0.37 (0.13, 0.94)*
050 (0.23, 1.01)-
1.04 (073, 1.48)
0.75 (0,10, 5.35)
0.85(0.21,3.42)
1.00 (099, 1.01)
0.99 (0.94, 1.05)

Hoffer @

1.03(0.17,0.75)
0.65 (0.24, 1.66)

0.37 (017, 0.75)"*
0.94 (0.65, 1.34)
0.68 (0.09, 4.91)
035 (0.08, 1.41)
1.00 (099, 1.01)
1.17(0.43,8.17)

AL, axial length; Mean K, mean keratometry; ACD, anterior chamber depth; LT, lens thickness; CCT, central comneal thickness; W2W, white to white distance.

P <0.1,"P <0.05"P <001

Bold values represents that they were statistically significance at a = 0.05 level.

SRK/T

1.00 (0.95, 1.06)
0.52 (0.20, 1.30)
051 (0.25, 1.00)-
1.01(0.72,1.42)
031 (0.04,2.08)
0.40 (0.10, 1.55)
0.99(0.99, 1.01)
1.58 (0.60, 4.30)
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