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Purpose: Determining IOL power is an important step in achieving the desired postoperative refractive target, but this determination 
remains challenging, as currently the used formulas were developed using IOL power calculations derived from adults.
Patients and Methods: This is a retrospective analytical study with the period of June 2018 to May 2019. All of the data were taken from 
medical records in referral tertiary eye hospital in Indonesia. All type of cataracts underwent uncomplicated surgeries and in-the-bag IOL 
implantation were included in this study, while aphakia, secondary IOL implantation, primary sulcus implantation, and history of ocular 
disorders were excluded. The data were analyzed using Wilcoxon sign-rank, paired t, and Kruskal–Wallis tests.
Results: Sixty-seven patients (106 eyes) were found to meet the inclusion criteria, average age was 7.35 ± 4.61 years (1.00 to 17.00 
years). Average targeted refraction was 1.69 ± 2.06 D (−0.38–+6.99 D), and spherical equivalent (actual postoperative refraction) was 
−0.90 ± 1.45 D (−4.38 to +2.75 D). There was statistically significant difference between preoperative targeted refraction and actual 
postoperative refraction (p < 0.001). Mean absolute prediction error (APE) in general was 1.34 ± 1.18 D, 1.22 ± 0.88 D (in short eyes), 
1.52 ± 1.37 D (in moderate eyes), and 0.69 ± 0.52 D (in long eyes) (p = 0.202). Mean APE in age group <7 years old was 1.27 ± 1.18 
D and ≥7 years-old was 1.42 ± 1.19 D (p = 0.429).
Conclusion: SRK/T formula is fairly accurate in calculating IOL power in pediatric cataract surgery. Mean APE in this study was 
within the range of accurate mean APE in pediatric patients despite differentiated axial length and age.
Keywords: absolute prediction error, SRK/T formula, pediatric cataract

Introduction
Cataract remains the leading cause of blindness in children, especially in the developing countries, and is responsible for 
visual impairment in estimated 19 million children worldwide.1,2 Pediatric cataract is considered congenital if it occurs 
from birth through the first year of life and developmental if it occurs after the first year of life; it can also occur due to 
trauma. Congenital cataract is associated with ocular abnormalities in 27% of cases and with systemic abnormalities in 
22% of cases.3,4 Early diagnosis and prompt treatment are important to prevent deprivation amblyopia. Cataract 
extraction surgery followed by primary intraocular lens (IOL) implantation, in children aged one year or more, has 
been considered as a safe and effective procedure in children.1–3,5,6

Primary IOL implantation in the posterior chamber following cataract extraction is the standard of care for pediatric 
cataract and is commonly performed by pediatric ophthalmologists.1,3,7 Determining IOL power is an important step in 
achieving the desired postoperative refractive target, but this determination remains challenging, as currently the used 
formulas were developed using IOL power calculations derived from adults.8 Calculation of post-operative hyperopic 
refractive target based on the age is commonly used by surgeons, thus allowing the myopic-shift occurred along with the 
axial length growth.8,9

SRK/T formula has considered as an accurate formula in determining refractive target in many previous studies.1,7–9 

The usage of SRK/T formula in pediatric cataract surgeries remains controversy up to date, even though many prior 
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studies have compared the SRK/T formula with alternative formulas such as SRK-II, Hoffer Q, and Holladay 1. The 
results of these studies were highly variable and seemingly conflicting. Therefore, the present study was conducted to 
further investigate the accuracy of biometry calculations using the SRK/T formula in pediatric cataract surgery and to 
analyze the predictive refractive error based on axial lengths and age.

Materials and Methods
Study Design and Patient Cohort
This was a retrospective study from medical records during the period of June 2018 to May 2019 in the Pediatric 
Ophthalmology & Strabismus Division, Cicendo National Eye Hospital, Bandung, Indonesia. The study adhered to the 
tenets of the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of the Cicendo National 
Eye Hospital. Patient informed consent was not required by the IRB, as the data were collected retrospectively, and 
patient data were de-identified to protect patient privacy. Inclusion criteria were all pediatric patients who underwent 
uncomplicated cataract surgery and primary IOL implantation with biometry calculations using the SRK/T formula. 
Exclusion criteria included aphakic patients or secondary IOL implantation, patients with previous history of ocular 
disorders (corneal or vitreous opacity, microcornea, uveitis, aniridia, glaucoma, persistent fetal vasculature, retinal 
detachment or retinopathies, maculopathies, optic neuropathies, microphthalmia), and history of prior ocular surgeries. 
Ciliary sulcus intraocular lens implantation was also excluded.

All patients underwent examination in the clinic, including visual acuity examination using the Snellen chart, Cardiff 
cards, cake decoration, toys, or pen light. Non-contact tonometry; autokeratorefractometry (TONOREFTM III; Nidek Co. 
Ltd., Japan); biomicroscopy and indirect funduscopy examination; and contact A-scan biometry (Biometer AL-100; 
Tomey, Germany) were performed in cooperative patients. The uncooperative patients were examined under general 
anesthesia prior surgery to obtain keratometry readings (Autokeratometry KM-500; Nidek Co. Ltd., Japan) and biometry 
parameters (Biometer AL-100).

Demographic data included age, sex, cataract type, and laterality. Biometry data included axial length, keratometry, 
A-constant, IOL power, and location of implantation. For analysis purpose, the eyes were also divided into the following 
subgroups depending on the axial length (AXL): short (≤22.0 mm), moderate (>22.0 mm and <24.5 mm); and long 
(≥24.5 mm).

Determination of Refractive Target
Refractive target was determined using two methods: (1) Enyedi’s Rule of Seven for children under 7 years (+7.00 D – 
age at time of surgery) and (2) plano for children above 7 years with bilateral cataract at the first visit or adjusted target 
according to the refractive error of the fellow eye (in case of unilateral cataract or pseudophakia).

Prediction of Refractive Error
Preoperative refractive error was examined with autorefractometry in cooperative patients with clear lens or IOL in the 
fellow eye (in cases of unilateral cataract). For uncooperative patients, streak retinoscopy was performed. Post-operative 
refractive error was examined with the same methods in the pseudophakic eye during follow-up visits. The final 
refractive error was that prescribed for corrective spectacles or contacts at the end of the study. Refractive error was 
then converted to spherical equivalent (SE).

Prediction error (PE) was calculated using this following formula: [prediction error = predicted refraction – actual 
postoperative refraction], and absolute prediction error (APE) was obtained by converting PE into an absolute value.

Surgical Procedures
All patients underwent irrigation-aspiration of cataract and primary IOL implantation under general anesthesia. 
Additional procedures, such as primary posterior capsulotomy and anterior vitrectomy were performed in patients 
under 5 years of age or considered to be uncooperative for Nd:Yag laser capsulotomy in the case of post-surgery visual 
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axis opacification. Membranectomy was required in some certain cases, and synechiolysis was primarily performed in 
traumatic or complicated cataracts.

Irrigation-aspiration was performed according to standardized procedures. The lens mass was aspirated, and intrao-
cular lens (IOL) was implanted in-the-bag with a foldable single-piece IOL (Neo Eye®; Rohto Laboratories Indonesia) or 
a foldable three-piece IOL (Sensar®, Johnson & Johnson Vision, Abbott Medical Optics). The incision wound was 
sutured using non-absorbable 10–0 nylon (Ethilon®, Ethicon, LLC).

All the procedures were performed by five experienced pediatric ophthalmology surgeons (FK, MS, II, PA, and SCA).

Follow-Up
Uncorrected visual acuity (UCVA) and best-corrected visual acuity (BCVA) were examined in 1 day, 1 week, and 1 
month postoperatively using a Snellen chart, Cardiff cards, cake decoration, toys, or pen light. Refractive error was 
examined in the clinic and subsequently corrected using spectacles in 1 month postoperatively. Postoperative SEs were 
obtained from final spectacles prescription for the patients.

Data Processing and Statistics
Basic data were processed using Microsoft® Excel and analyzed with Statistical Package for the Social Sciences (SPSS) 
version 23.0 (IBM Corporation, New York, USA). A Wilcoxon sign-rank test was used to compare pre-operative versus 
post-operative vision categories; a paired t-test was used to compare targeted refraction vs actual refraction; and 
a Kruskal–Wallis test was used to compare mean APE among AXLs and age categories.

Results
During the period of June 2018 to May 2019, 67 patients (106 eyes) met the inclusion criteria. Mean patient age was 7.35 
± 4.61 years (1.00 to 17.00 years). Patients consisted of 36 boys (53.73%) and 31 girls (46.27%). Developmental cataract 
was the most common cataract type, found in 70 eyes (66.03%), followed by congenital cataract in 32 eyes (30.19%), 
traumatic cataract in two eyes (1.89%), and complicated cataract in two eyes (1.89%).

Most of the patients could be classified according to the Visual Impairment Classification of the World Health 
Organization (WHO), while toddlers and preschool-age children that did not understand the Snellen chart were 
categorized into fix and follow the light (FFTL) or the object (FFTO) or cake decoration. Table 1 shows the comparison 
of preoperative and postoperative UCVA. In preoperative examination, most of the patients presented a visual acuity of 
<6/18–6/60 (32 eyes, 30.19%), <3/60 (28 eyes, 26.42%), and fix and follow the object (20 eyes, 18.87%). One month 
postoperatively, visual acuities were improved. Postoperative examination showed that visual acuity of 6/18 increased to 
≥6/12 in 18 eyes (16.98%) and <6/12–6/18 increased in 23 eyes (21.70%). The difference between pre- and postoperative 
UCVA was statistically significant.

Table 1 Comparison of Preoperative and Postoperative UCVA and BCVA (n = 
106 Eyes)

UCA Preoperative Postoperative p-value

≥6/12 3 (2.83%) 18 (16.98%) 0.001*
<6/12 – 6/18 5 (4.71%) 23 (21.70%)

<6/18 – 6/60 32 (30.19%) 21 (19.81%)

<6/60 – 3/60 5 (4.71%) 3 (2.83%)
<3/60 28 (26.42%) 10 (9.43%)

Cake decoration 11 (10.38%) 10 (9.43%)

FFTO 20 (18.87%) 21 (19.81%)
FFTL 2 (1.89%) 0 (0.00%)

Note: *p<0.05, Wilcoxon sign-rank test. 
Abbreviations: BCVA, best-corrected visual acuity; FFTO, fix and follow the object; FFTL, fix and follow 
the light; UCVA, uncorrected visual acuity.
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Preoperative BCVA was not included in the study due to the variable cataract densities, so the refractive corrections in 
preoperative visits were therefore undetermined. Forty eyes (37.74%) achieved postoperative BCVA of ≥6/12 (Figure 1). 
Mean spherical power was −0.18 ±1.41 D (−3.25 to +3.50 D), mean cylindrical power was −1.45 ± 0.74 D (−0.50 to −3.50 D), 
and mean SE (or actual postoperative refraction) was −0.90 ± 1.45 D (−4.38 to +2.75 D).

Biometry revealed that mean AXL was 22.56 ± 1.57 mm (18.70 to 26.20 mm), and mean implanted IOL power was 
20.31 ± 4.42 D (+10.00 to +30.00 D). Comparison of mean preoperative targeted refraction and actual postoperative 
refraction is shown in Table 2. Average targeted refraction and actual postoperative refraction were significantly different 
(p < 0.01). Comparison between preoperative targets and actual postoperative refraction results based on AXL and age 
was also significantly different (p < 0.01).

The accuracy of biometry calculation using the SRK/T formula was determined by average APE. Average APE in all 
groups was 1.34 ± 1.18 D (0.00–5.81 D). Average APE in short eyes was 1.22 ± 0.88 D, APE in moderate eyes was 1.52 
± 1.37 D, and APE in long eyes was 0.69 ± 0.52 D (Figure 2A; p = 0.202 using Kruskal–Wallis test). Average APE in 
patients <7 years was 1.27 ± 1.18 D, and average APE in patients ≥7 years was 1.42 ± 1.19 D (Figure 2B; p = 0.429 
using Kruskal–Wallis test).

Discussion
The primary goal of cataract surgery, especially in children, is to minimize refractive predicted error. Measurement of 
postoperative refraction target is the main factor determining better visual acuity and decreasing likelihood of amblyopia. 

Figure 1 Distribution of postoperative UCVA and BCVA. 
Abbreviations: BCVA, best-corrected visual acuity; FFTO, fix and follow the object; FFTL, fix and follow the light; UCVA, uncorrected visual acuity.

Table 2 Comparison of Mean Targeted Refraction and Actual Refraction Postoperatively

Mean Targeted Refraction (D) Actual Refraction (D) p-value

Total
106 eyes 1.69±2.06 (−0.38–6.99) 0.49±2.49 (0.00–5.81) 0.0001*

Axial Length
Short (n=37) 3.09±2.26 (0.08–6.99) 1.98±2.47 (−2.38–6.00) 0.0001*

Average (n=59) 0.98±1.52 (−0.38–5.09) −0.36±2.18 (−4.38–5.50) 0.0001*
Long (n=10) 0.62±1.30 (−0.30–3.11) 0.01±1.72 (−1.63–3.00) 0.013*

Age
<7 years (n=56) 3.05±2.01 (−0.02–6.99) 1.96±2.33 (−2.38–6.00) 0.0001*
≥7 years (n=50) 0.16±0.28 (−0.38–0.95) −1.16±1.38 (−4.38–2.75) 0.0001*

Note: *p<0.05, paired t-test.
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Figure 2 Mean APE based on (A) AXL (short, moderate, long); and (B) age (<7 and ≥7 years of age). 
Abbreviations: APE, absolute prediction error; AXL, axial length.
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However, this measurement depends on several factors in pediatric cataract patients, including shorter AXL, use of 
devices calibrated and normalized for an adult population, formulas calculated using adult eyes, steeper curvature of the 
pediatric cornea, and shallow anterior chamber in pediatric patients.8,10,11 This might be the first study reporting the 
accuracy of the SRK/T formula in pediatric cataract surgery in Indonesian population. All the patients in this study 
underwent biometry examinations using contact A-scan biometry under general anesthesia, using the SRK/T formula. 
Trivedi et al and Ben-Zion et al reported that there was no significant difference in PE accuracy between immersion and 
contact A-scan biometry techniques.8,12 Even though accurateness of contact A-scan biometry technique could be 
decreased due to inadvertent indentation of the cornea by the ultrasound probe, thus shortening the measured AXL.8,9

Visual acuity measured one month postoperatively was significantly improved (p < 0.001). However, visual rehabilita-
tion of these children was still not complete, even though 40 eyes (37.74%) gained postoperative visual acuity ≥6/12. 
Muppidi et al reported that 81% of pediatric cataract patients attained good visual outcome (6/12 Snellen equivalent or 
better), while Gogate et al reported 24.7% of eyes had visual acuity >6/18.13,14 Visual acuity results may be more accurate if 
measured 1–2 years postoperatively, as AXL and corneal curvature change over time in pediatric eyes.

Prediction error reflects the accuracy of postoperative targeted refraction measurement, which is an important 
indicator to evaluate outcomes of pediatric cataract surgery with primary IOL implantation. Average APE in the present 
study was 1.34 ± 1.18 D. This was within the range of accurate mean APE in pediatric patients that was reported by 
various studies, which ranged between 1.08 and 1.40.8,15–17 This accuracy range differs from that of adult cataract 
surgery, in which modern theoretical formulas are accurate within approximately 0.5 D. The present study revealed that 
mean APE in general was within the range reported in previous studies (1.34 D), although mean APE in moderate and 
long eyes was outside of the benchmark value (1.52 D and 0.69 D, respectively). Mean APE in long eyes could have 
been lower than the benchmark values because this group had the fewest eyes of the three groups, so the results might not 
have been as reliable.

The predictive formula has considered to be of vital importance for determining and calculating IOL power and 
postoperative refractive target. Various studies reported that the accuracies of numerous formulas (SRK/T, Holladay 1, 
Hoffer Q) were similar in predicting refractive error of pediatric cataract surgeries. In the present study, the SRK/T 
formula was applied to all the patients.1,7,9,10,18,19 O’Gallagher et al and Thanapaisal et al reported that SRK/T is more 
accurate than SRK-II, while Joshi et al reported that Hoffer Q is more sensitive.1,9

In-the-bag IOL implantation is the most recommended procedure in cataract surgery. However, in some cases, the 
IOL might be implanted in the ciliary sulcus, such as in cases of Zinni zonule rupture, posterior capsule rupture, or 
secondary IOL implantation. IOL power in the ciliary sulcus could require adjustment, decreasing by 0.5 D for 9≤17 D; 
1.0 D for 17< IOL ≤28 D; and 1.50 D for power >28 D. The purpose of power adjustment is to achieve a similar PE to 
that of in-the-bag.20,21 The present study did not include ciliary sulcus IOL implantation to minimize the bias or IOL 
power maladjustment.

Based on the AXL measurements, we found significant differences between mean preoperative targeted refraction and 
actual postoperative refraction in the short AXL group (p ≤ 0.001), even though mean APE was within accuracy range 
(1.22 ± 0.88 D). Many studies have reported that a relatively large PE is common in short AXL, which is inconsistent 
with the results of the present study. Vasavada et al reported that the SRK/T formula had the least PE, even in eyes with 
AXL of <20 mm.7 Nihalani et al reported that Hoffer Q provided the best prediction most of the time in younger children 
and in eyes with short AXL.18 The long AXL group in the present study might not be reflective of the overall pediatric 
cataract population, as the number of the subjects in this subgroup was only 10 eyes. The Holladay and SRK/T formulas 
were recommended by the Infant Aphakia Treatment Study (IATS) for short AXL.22 O’Gallagher et al suggested that 
SRK/T was more accurate in predicting postoperative refraction in pediatric patients undergoing cataract surgery.9

The mean APE between two age subgroups was also not statistically different. This study had similar results with 
Kou et al, but their study divided the groups based on age ≤2 years, >2 and <5 years, and ≥5 years. Kou et al reported that 
SRK/T formula had smaller APE in each group (1.13 ± 1.27 D, 1.018 ± 0.70 D, and 0.80 ± 0.70 D respectively).23 The 
smallest APE was found in group ≥5 years, while the present study found that APE in group ≥7 years was higher (1.42 ± 
1.19 D). Kou et al did not analyze the difference among these groups, but Chang et al reported that prediction errors were 
not significantly associated with different ages in most formulas, including SRK/T.23,24 Lee et al stated that age at IOL 
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implantation has significant correlation with PE calculated by SRK/II, SRK/T, and Hoffer-Q formula.25 The discordance 
between the present study results and several previous studies can be attributed to age distribution.

In children less than 2 years of age, AXL and keratometry change rapidly as compared to age of more than 2-year-old. 
AXL, corneal curvature, and lens thickness change over time to maintain the eye in an emmetropic state. Therefore, there 
is an inevitable trend towards myopic shift after cataract surgery because of ongoing axial elongation. There is no IOL 
calculation formula specifically designed for pediatric eyes. In the present study, average APE among AXLs was not 
different statistically. Previous studies reported the APE on different AXLs, but each study had different AXL 
categories.7,16,24 The present study divided axial lengths into three subgroups and had the least APE in long eye 
subgroup even though this group had the fewest number of eyes. This study revealed average APE in short eyes 
(≤22.0 mm) was 1.22 ± 0.88 D, slightly higher than the study by Nihalani and VanderVeen (1.0 ± 0.8 D).16 Gupta et al 
reported greater absolute mean PE (2.09 ± 2.73) in shorter eyes (<22 mm), but their study focused only in children less 
than 2 years of age.26 The present study found that there is no statistically difference in mean APE among AXLs. 
Previous studies reported that age, AXL, and keratometry values did not influence predictive accuracy using SRK/T.7,24

The limitations of this study include the inherent limitations of its retrospective design, with potential confounding 
factors of bias, wide range of age at surgery, and short follow-up period. Variations in the techniques of optometrists, 
refractionists, or physicians that examined postoperative RE were not considered. The strength of this study is the large 
number of eyes, which were treated by multiple surgeons with varying degrees of experience.

Conclusion
Measurement of IOL power in pediatric cataract surgery to yield minimum APEs remains challenging. SRK/T formula is 
fairly accurate in calculating IOL power in pediatric cataract surgery. Mean APE in this study was within the range of 
accurate mean APE in pediatric patients, despite differentiated AXL and age.

Disclosure
The authors report no conflicts of interest in this work.
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