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Abstract
● AIM: To investigate the influence of postoperative 
intraocular lens (IOL) positions on the accuracy of cataract 
surgery and examine the predictive factors of postoperative 
biometry prediction errors using the Barrett Universal II (BUII) 
IOL formula for calculation. 
● METHODS: The prospective study included patients 
who had undergone cataract surgery performed by a single 
surgeon from June 2020 to April 2022. The collected data 
included the best-corrected visual acuity (BCVA), corneal 
curvature, preoperative and postoperative central anterior 
chamber depths (ACD), axial length (AXL), IOL power, and 
refractive error. BUII formula was used to calculate the IOL 
power. The mean absolute error (MAE) was calculated, and 
all the participants were divided into two groups accordingly. 
Independent t-tests were applied to compare the variables 
between groups. Logistic regression analysis was used to 
analyze the influence of age, AXL, corneal curvature, and 
preoperative and postoperative ACD on MAE.
● RESULTS: A total of 261 patients were enrolled. The 243 
(93.1%) and 18 (6.9%) had postoperative MAE<1 and >1 D, 
respectively. The number of females was higher in patients 
with MAE>1 D (χ2 = 3.833, P=0.039). The postoperative 
BCVA (logMAR) of patients with MAE >1 D was significantly 
worse (t=-2.448; P=0.025). After adjusting for gender in 
the logistic model, the risk of postoperative refractive errors 
was higher in patients with a shallow postoperative anterior 

chamber [odds ratio=0.346; 95% confidence interval (CI): 
0.164, 0.730, P=0.005]. 
● CONCLUSION: Risk factors for biometry prediction 
error after cataract surgery include the patient’s sex and 
postoperative ACD. Patients with a shallow postoperative 
anterior chamber are prone to have refractive errors.
● KEYWORDS: intraocular lens power calculation; gender; 
anterior chamber depth; biometry prediction error
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INTRODUCTION

C ataract surgery is currently viewed as a refractive 
procedure due to a growing pursuit of visual quality. 

Such status quo has placed greater emphasis on the accurate 
predictions of postoperative refraction and optimization 
of intraocular lens (IOL) calculation. With a continuous 
update, the latest fourth-generation IOL calculation formulas 
have presented an outstanding performance in prediction 
accuracy[1-4]. Plus, the application of artificial intelligence 
methods adds greater robustness to the calculation accuracy[5-8]. 
However, biometry prediction errors still occur in some 
patients postoperatively, which intensively affects their daily 
lives. According to the current definition, an ideal biometry 
prediction error should be less than 1 D for an optimized IOL 
calculation[1,3-4]. Previous reports claimed that the risk factors 
of biometry prediction errors included age[9] and postoperative 
IOL position[10-11], while the input of lens thickness showed no 
impact on the prediction error[12]. However, the postoperative 
anterior segment parameters were seldom considered for 
prediction. Therefore, this study aimed to analyze risk factors 
for biometry prediction errors in Chinese cataract patients of 
different ages, gender, corneal curvature, axial lengths (AXL), 
and anterior chamber depths (ACD).
PARTICIPANTS AND METHODS
Ethical Approval  The current study was approved by the 
institutional ethics committee of Peking University Third 
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Hospital (Approval No.IRB00006761-M2017249) and adhered 
to the tenets of the Declaration of Helsinki. Written informed 
consent was obtained from all the patients.
Study Design  Prospective study. Patients who underwent 
cataract phacoemulsification combined with IOL implantation 
surgery by a single surgeon (Hong Y) at the Department of 
Ophthalmology of Peking University Third Hospital from June 
2020 to April 2022 were consecutively recruited. 
Eligibility Criteria  Inclusion criteria were: 1) AXL≥20.0 
mm; 2) preoperative intraocular pressure≤21 mm Hg; 3) 
postoperative subjective refraction with best-corrected visual 
acuity (BCVA) of 20/40 or better[2]. Only one eye of each 
patient was randomly selected for analysis[2]. Exclusion 
criteria were: 1) congenital eye abnormalities; 2) corneal 
astigmatism≥4 D measured by keratometry; 3) a history of 
corneal disease, refractive surgery, uveitis; 4) a history of 
uncontrolled hypertension, diabetes, or autoimmune diseases; 
5) intraoperative or postoperative complications.
Data Collection  Demographic data, including the patient’s 
gender and age, were recorded. Corneal curvature and ACD 
were measured by Pentacam HR (Oculus, Inc., Lynnwood, 
WA, USA). IOL Master 700 (Carl Zeiss Meditec Inc., Dublin, 
CA, USA) was used to measure AXL for ocular biometry. 
Barrett Universal II (BUII) formula was used to calculate the 
IOL power. BCVA, postoperative ACD, and postoperative 
refraction were measured at a three-month follow-up[2]. The 
mean absolute error (MAE) was calculated by subtracting the 
actual refraction from the predicted postoperative refraction.
Surgical Procedure  Surgery was performed under 
sub-Tenon’s anesthesia. Surgery consisted of routine 
phacoemulsification via a 3.2-mm temporal clear corneal 
incision, capsulorhexis size aimed at 5.0 mm, with in-the-
bag IOL implantation. The implanted IOL was RAY-61PL 
(ROHTO Pharmaceutical Co. Ltd, Osaka, Japan).
Statistical Analysis  All data were analyzed using SPSS 26.0 
(IBM SPSS Inc., Chicago, IL, USA). Continuous variables 
were recorded as means±standard deviations. Quantitative 
measures were recorded as percentages. The Shapiro-Wilk test 
and Q-Q plots were used to assess the normality of variables. 
All the participants were divided into two groups according 
to MAE. Independent t-tests were applied to compare the 
variables between groups. Quantitative data were analyzed 
with the Chi-square or Fisher’s exact test. Logistic regression 
analysis was fitted for the outcomes and used to analyze 
the relationship between MAE and the age, AXL, corneal 
curvature, and preoperative and postoperative ACDs with 
enter method. The results were presented as odds ratios (ORs) 
with 95% confidence intervals (CIs). P<0.05 was considered 
statistically significant difference.

RESULTS
Demographics Characteristics  Two hundred sixty-one eyes 
of 261 patients were enrolled, including 100 men and 161 
women, with a mean age of 67.1±8.8 (range: 35-87)y. The 
mean AXL was 23.2±1.3 (range: 20.6-29.7) mm. Among all 
the patients, 33 (13%), 194 (74%), and 34 (13%) had short 
(20.0-22.0 mm), normal (22.0-24.5 mm), and long (24.5-
30.0 mm) AXL, respectively. The average corneal curvature 
measured was 44.3±1.4 (range: 41.0-49.0) D. A total of 8 (3%), 
217 (83%), and 36 (14%) patients had flat (<42 D), moderate 
(42-46 D), and steep (>46 D) corneal curvatures, respectively. 
The preoperative ACD was 2.30±0.52 (range: 0.79-3.81) mm, 
with 84 (32%), 151 (58%), and 26 (10%) patients having an 
ACD<2, 2-3, and >3 mm, respectively.
The postoperative BCVA logMAR was 0.06±0.09 (range: 
0.0-0.3), and the postoperative ACD was 3.81±0.23 (range: 
1.12-5.10) mm. Among all patients, 24 (9%), 131 (50%), 
and 106 (41%) had ACDs<3, 3-4, and >4 mm, respectively. 
Postoperative refractive errors <1 and >1 D were found in 243 
(93.1%) and 18 (6.9%) patients, respectively.
The difference between the age of patients with MAE>1 D and 
those with MAE<1 D was insignificant (t=-0.648; P=0.525), 
and most patients with MAE >1D were women (χ2=3.833; 
P=0.039). The postoperative BCVA of patients with MAE 
>1 D was relatively lower (t=-2.448; P=0.025), while the 
postoperative ACD was shallower (t=2.509; P=0.013). The 
other indicators showed no significant difference between the 
two groups (Table 1).
Binary Logistic Regression  Among the 261 patients, 243 
(93.1%) and 18 (6.9%) had MAE<1 and >1 D, respectively. 
Age, gender, AXL, corneal curvature, preoperative and 
postoperative ACDs were included in the logistic model. 
After adjusting for gender in the logistic model, the risk 
of postoperative MAE was higher in patients with shallow 
postoperative anterior chambers (OR=0.346; 95%CI: 0.164, 
0.730, P=0.005; Table 2).
DISCUSSION
Our study showed that risk factors associated with MAE>1 D 
after cataract surgery were female gender and postoperative 
ACD. In contrast, corneal curvature, AXL, or preoperative 
ACD was not an independent risk factor.
Our included patients were all Chinese, with a slightly higher 
female prevalence, consistent with previous studies[1,13-16]. 
Normal corneal curvatures were the most prevalent, accounting 
for 83% of cases. In our study, AXL ranged widely from 20.6 
to 29.7 mm. Normal, short, and long AXL were found to be 
74%, 13%, and 13%, respectively. The ratio of patients with a 
short AXL was higher than that reported from other countries[1], 
possibly because of the ocular characteristic of the Asian 
race[1,15]. Similarly, patients with a shallow preoperative ACD 
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(<2 mm) accounted for one-third of the cases. Approximately 
40% of patients had a central ACD≥4 mm postoperatively. 
These patients’ preoperative and postoperative ACDs were 
shallower than previous articles[1,15]. The characteristics of our 
included patients indicated the need to analyze the predictive 
factors of surgical performance.
BUII formula was chosen for IOL calculations in our study. 
Compared with the third-generation formulas, it can increase 
the proportion of patients with a postoperative diopter within 
±0.5 D by 3%-15%[1,4]. With the adoption of the “thick 
lens” theory, the formula has considered the correlations of 
ACD, AXL, corneal curvature, A constant, and lens factors. 
Therefore, the postoperative refractive error was relatively 
small, as previously reported[1], and the formula has shown 
good prediction accuracy in patients with different AXL[1,3,17]. 
Our study showed that the MAE of 93.1% of patients was less 
than 1 D postoperatively, in accordance with other studies[9]. 
However, some patients still suffered high postoperative 
refractive errors, which deeply affected their visual quality. 
The risk factors remained to be explored.
In our study, the female gender was an independent risk 
factor for postoperative refractive errors, similar to previous 
studies[13,15-16]. Sex-induced postoperative calculation errors 
were considered related to female-specific anatomical 

structures. Such trends in females may be caused by shorter 
AXL and shallower anterior chambers compared with 
males[13-16], even when different IOL calculation formulas were 
tested[13,15-16]. Nowadays, some IOL calculation formulas, such 
as the Kane formula, VRF-G formula, and HILL-RBF formula, 
have taken gender into account and reached preferable results 
in limited cases[18]. Nevertheless, more attention should be 
paid to the potential sex-induced calculation errors in future 
biological measurements.
Another independent risk factor was patients’ postoperative 
ACD in the current study. A previous study revealed that 
patients with a shallow postoperative ACD were prone to 
IOL calculation errors[19]. The refractive accuracy of IOL 
depends on the effective lens position (ELP)[1,11,20]. If the 
postoperative IOL is not at the intended position, a certain 
degree of postoperative refractive error will occur. In our 
cohort, the preoperative and postoperative central ACDs are 
significantly lower than those from other regions as we only 
involved Asians[1,20-21]. Typically, the postoperative ACDs 
in the MAE>1 D group were shallower than the MAE<1 D 
group. A forward positioning of the IOL may lead to a myopic 
shift postoperatively, which partially explain the significant 
postoperative refractive errors.
In our study, patients’ AXL, corneal curvature, and preoperative 
ACDs were not risk factors for postoperative refractive errors. 
The accuracy of fourth-generation formulas has been proved 
in conventional corneal curvature[1,22-23], but postoperative 
refractive errors are prone to occur when the corneal curvature 
is steep (>46 D) or flat (<42 D)[1,23]. Reitblat et al[23] showed 
that test accuracy met the benchmark when the seven common 
formulas were used for flat cornea (corneal curvature <42 D). 
Nevertheless, BUII showed better results for steep corneas 
with a corneal curvature >46 D, while other formulas resulted 
in significant errors[23]. Our study showed that corneal 
curvature was not a risk factor, probably due to the majority 
of the normal cornea in the current case series. Meanwhile, 
following cataract surgery, the iris septum of the lens shifted 

Table 1 Demographics of patients with MAE>1 and <1 D

Demographic data MAE<1 D (n=243) MAE>1 D (n=18) t/χ2 Pa

Age (y) 67.0±8.5 68.9±12.5 -0.648 0.525
Gender (male:female, n) 97:146 3:15 3.833 0.039
Axial length (mm) 23.2±1.3 23.2±1.6 -0.111 0.911
Corneal curvature (D) 44.3±1.4 44.7±1.9 -1.098 0.273
Astigmatism (D) 0.83±0.57 0.83±0.50 -0.007 0.994
Preoperative ACD (mm) 2.30±0.52 2.32±0.67 -0.123 0.903
BCVA (logMAR) 0.06±0.09 0.14±0.13 -2.448 0.025
Postoperative ACD (mm) 3.82±0.59 3.46±0.64 2.509 0.013

aSPSS independent-samples t-test/Fisher exact test was used for all analyses. Data are expressed as mean±standard deviation, 

unless otherwise indicated. ACD: Anterior chamber depth; BCVA: Best corrected visual acuity; MAE: Mean absolute error.

Table 2 Binary logistic regression analysis of postoperative refractive 

error

Parameters OR (95%CI) P
Gender

Male 1 -
Female 0.241 (0.063, 0.919) 0.037

Age 1.042 (0.983, 1.105) 0.162
Axial length 1.382 (0.894, 2.137) 0.145
Corneal curvature 1.263 (0.868, 1.839) 0.223
Preoperative central ACD
every 1-mm decrease 0.950 (0.344, 2.622) 0.921
Postoperative central ACD
every 1-mm decrease 0.346 (0.164, 0.730) 0.005

ACD: Anterior chamber depth; CI: Confidence interval; OR: Odds ratio.
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backward, allowing the posterior capsule to extend into the 
vitreous cavity. This results in the IOL being placed in a retro 
position, which is affected by the preoperative ACD and AXL. 
Shallower preoperative ACD and shorter AXL may give rise to 
a more apparent IOL position change[24]. Though preoperative 
ACD and AXL are related to the prediction of ELP, the fourth-
generation formulas have taken this into account. Therefore, it 
is unsurprising that AXL and preoperative ACD were not risk 
factors for MAE.
The most important finding in our study was the prediction 
value of postoperative measurements since most previous 
studies analyzed preoperative indicators to predict 
postoperative IOL position. Specifically, the anterior segment 
analysis system can improve the accuracy of predicted ELP 
after the surgery[25]. Yet, limited studies have investigated the 
actual postoperative IOL positions[1,26]. With the improvement 
in the IOL calculation formula, inaccuracies in measuring 
preoperative ACDs have been gradually overcome. Our study 
also showed that corneal curvature, preoperative ACD, and 
axial length were no longer risk factors for postoperative 
refractive errors. However, significant errors would occur if 
the IOL is not in the intended position postoperatively because 
of lens ligament position or other patient-specific factors. 
Therefore, we conducted an initial exploration to improve 
prediction accuracy while searching for the connection 
between the preoperative and postoperative conditions. A 
previous study[26] also used the refractive error of the first 
eye after cataract surgery to guide the IOL selection for the 
second eye and achieved good results, reflecting the role of 
postoperative indicators in error correction. This suggests that 
our future research should focus on improving the prediction 
accuracy of the real postoperative IOL position.
The limitation of our study included a single race and single 
institute. The limited sample size was because patients 
were required to undergo scheduled follow-ups and corneal 
topography postoperatively again. In addition, the current 
study involved patients with different AXL and ACDs, which 
have broad coverage but need further subgroup analyses.
In conclusion, our study found that the risk factors for 
biometry prediction errors after cataract surgery include the 
female gender and postoperative ACD. In contrast, corneal 
curvature, AXL, or preoperative ACD was not an independent 
risk factor. Identifying these independent risk factors would 
help determine corresponding constants and corrections for 
these risk factors and optimize the IOL calculation formula.
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