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Purpose: To compare the accuracy of IOL power calculation formulae in a large cohort of 
children who underwent IOL implantation.
Setting: Cairo University Children Hospital.
Design: Retrospective, case series.
Methods: A retrospective chart review of all children <14 years, who underwent primary or 
secondary IOL implantation in Cairo University Children Hospital from January 2016 to 
December 2019, was performed. Absolute prediction error (APE) was calculated for SRKII, 
SRK/T, Holladay I and Hoffer-Q formulae using the patients’ AL, keratometric (K) readings, 
implanted IOL power and refraction done two months postoperatively.
Results: The study included 308 eyes of 255 patients with a mean age of 4.74 ± 3.19 years 
at the time of surgery. The mean K-reading was 43.42 ± 3.57 diopters (D) and mean AL was 
22.01 ± 1.93 mm. The percentage of eyes with APE within 0.5D was 27.7% (85 eyes), 32.2% 
(99 eyes), 30.6% (94 eyes) and 25.4% (78 eyes) with SRK II, SRK/T, Holladay I and Hoffer- 
Q formulae, respectively. APE was significantly lower with the SRK/T formula (P≤0.004) 
and significantly higher with the Hoffer-Q formula (P≤ 0.002). There was a negative 
correlation between the age of the patient and the APE of the SRK II formula (P=0.02). 
Moreover, the SRK/T, Holladay and Hoffer-Q formulae APEs were affected by the average 
k-readings (P=0.019, 0.005 and 0.035) respectively.
Conclusion: The SRK/T and Holladay I formulae were the most predictable formulae in 
IOL power calculation in pediatric eyes.
Keywords: intraocular lens, biometry formula, keratometric readings, axial length

Introduction
Obtaining favorable refractive outcome in pediatric biometry is a challenging task. 
Sources of error in pediatric biometry include short axial length (AL), steep cornea, 
shallow anterior chamber depth (ACD), dense cataract and dense vitreous, which 
may reduce ultrasound transmission.1 Measurements are also done under general 
anesthesia and in the supine position which may cause improper centration2 with 
inaccurate keratometric (K) readings.3 Moreover, cataract extraction with posterior 
capsulotomy and anterior vitrectomy may affect the effective lens position.2,5 The 
intraocular lens (IOL) power calculation formulae which are presently used are 
based on data from adult eyes, so refractive inconsistencies may occur when 
applied to the structurally different pediatric eyes.4,5,6

The purpose of the current study is to compare the accuracy of IOL power 
calculation formulae in a large cohort of children who underwent IOL implantation 
at Cairo University Children Hospital.
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Materials and Methods
The study protocol was approved by the Cairo University 
institutional ethics committee/institutional review board. 
The collection of data followed the tenets of the 
Declaration of Helsinki. Written informed surgical con-
sents were signed by all patients’ legal guardians, but 
informed consent for inclusion in the current study was 
waived because the risk to the patient was minimal and 
obtaining consent was impractical. There was no violation 
to the patient data confidentiality. Retrospective chart 
review was performed upon the medical records of all 
children ≤14 years old who underwent primary or second-
ary IOL implantation at Cairo University Children 
Hospital from January 2016 to December 2019. Patients 
with corneal scars, uveitis, persistent fetal vasculature 
(PFV), history of ocular trauma, congenital glaucoma, 
posterior lenticonus, and those with incomplete data were 
excluded from the study. Data collected included age at 
time of cataract surgery and IOL implantation, gender, 
laterality, past ocular history, AL, Keratometric (K) read-
ings, implanted IOL power, absolute prediction error 
(APE) for SRK II, SRK/T, Holladay I and Hoffer-Q for-
mulae and postoperative refraction at a two-month follow- 
up visit.

Biometry and Surgical Technique
Biometry was done under general anesthesia for all 
patients except 73 older patients who had preoperative 
outpatient optical biometry using a Zeiss IOLMaster® 

500 (Carl Zeiss, Meditec AG, Germany). K-readings 
were obtained using Righton Retinomax K-Plus 2 hand-
held autokeratometer (Nikon, Tokyo, Japan) taking the 
average of 3 readings which varied by <1 diopter (D). 
AL was obtained by applanation A-scan ultrasound 
(Sonomed Pac Scan Plus 300AP+, Sonomed Escalon, 
New York, USA) taking the average of at least five read-
ings which varied by ≤0.09 standard deviation (SD). The 
A-constant provided by the manufacturer was used. SRK 
II formula was used for IOL power calculation and the 
power was determined according to the age and status of 
the fellow eye. All patients underwent cataract extraction 
using a similar technique and AcrySof biconvex hydro-
phobic acrylic, IOL models MA60AC, SA60AT and 
SN60AT (Alcon, Texas, USA) were implanted. 
Postoperative cycloplegic refraction was performed at the 
two-month follow-up visit either using a retinoscope by a 

senior pediatric ophthalmologist or an autorefractometer in 
cooperative older children.

Calculation of Prediction Error
Predicted refraction for SRK II, SRK/T, Holladay I and 
Hoffer-Q formulae was calculated with the Sonomed PAC 
Scan Plus 300AP+ using the patient’s AL, K-readings and 
implanted IOL power. Postoperative refraction was con-
verted to the spherical equivalent, calculated as sphere + 
cylinder/2. Prediction error (PE) was calculated as pre-
dicted refraction – absolute refraction. APE was calculated 
for each formula by subtracting the actual postoperative 
refraction from the predicted refraction using the absolute 
value of predicted refraction – actual refraction. The PE 
illustrates the direction of miscalculation, while the APE 
measures the overall predictive accuracy.

Subgroup analysis was performed according to the 
patients’ AL (≤19 mm, 19–25 mm and ≥25 mm); aver-
age-k readings (<46.5 D and ≥46.5 D); age (≤2 years, 2 to 
≤5 years, 5 to ≤8 years and >8 years); and site of IOL 
implantation (IOL implanted in the bag and sulcus fixated 
IOL). For sulcus implanted IOLs, we adjusted the IOL 
power by reducing the IOL power based on the implanted 
IOL power as follows: We reduced the IOL power by 0.5 
D for children with a predicted IOL power of <18 D. 
Those with a planned IOL power of 18 to 25 D, IOL 
power was reduced by at least 1 D; and for IOLs >25 D, 
power was reduced by 1.5 to 2 D.7 The PE for each group 
was divided into 4 levels: ≤0.5 D, >0.5 to ≤1D, >1 D to ≤2 
D and >2.00 D.

Statistical Analysis
Data were coded and entered using Statistical Package for 
the Social Sciences (SPSS) version 26 (IBM Corp., 
Armonk, NY, USA). Data were summarized using mean, 
standard deviation, median and interquartile range in quan-
titative data and using frequency (count) and relative fre-
quency (percentage) for categorical data. Data distribution 
was checked for normality. Comparisons between quanti-
tative variables were made using the non-parametric 
Kruskal–Wallis and Mann–Whitney U-tests. Comparisons 
between different groups according to AL and age were 
done using Kruskal–Wallis test. For comparison of paired 
measurements within each patient the non-parametric 
Wilcoxon signed rank test was used. Correlations between 
quantitative variables were done using Spearman correla-
tion coefficient. A generalized estimating equation was 
used to adjust for inter-eye correlation in bilateral cases. 
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P-values less than 0.05 were considered as statistically 
significant.

Results
The study included 308 eyes of 255 patients with a mean 
age of 4.74 ± 3.19 years (range, 10 months–14 years). 
Ninety-nine patients were females. Right eye was involved 
in 125 eyes. The mean K-reading was 43.42 ± 3.57 D 
(range; 37.25 to 57.56 D), mean AL was 22.01 ± 1.93 mm 
(range, 17.45 to 30 mm) and mean power of implanted 
IOL was 23.48 ± 4.74 D (range, 6.50 to 30 D). A total of 
151 eyes had the IOL implanted in the bag and 157 eyes 
had a sulcus fixated IOL. Table 1 summarizes the PE and 
APE of each formula. Subgroup analysis was performed to 
analyze the APE among patients with the IOL implanted 
in the bag versus those with the sulcus fixated IOL 
(Table 2).

There was a statistically significant negative correlation 
between the age of the patient and the APE of the SRK II 
formula (P=0.021) but not for the other formulae. The 
average K-reading showed a significant correlation with 
the APE of SRK/T, Holladay I and Hoffer-Q formulae (P= 
0.019, 0.005 and 0.035) respectively. The AL showed no 
correlation with the APE of all formulae (Table 3). SRK II 
APE was affected only by the age of the patient (P= 
0.021). However, other APEs of SRK/T, Holladay and 
Hoffer Q formulae were affected by other factors 
(Table 3). Tables 4 and 5 summarize the correlation 
between age, AL and K-readings and the APE of 4 for-
mulae among patients with IOL implanted in the bag 
versus those with the sulcus implanted IOL.

The percentage of eyes with APE within 0.5 D was 
27.7% (85 eyes), 32.2% (99 eyes), 30.6% (94 eyes) and 
25.4% (78 eyes) with SRK-II, SRK/T, Holladay I and 
Hoffer-Q formulae, respectively. The percentage of eyes 
with APE ≥ 2D was 26.4% (81 eyes), 24.1% (74 eyes), 
26.1% (80 eyes) and 29.6% (91 eyes) with SRK-II, SRK/ 
T, Holladay I and Hoffer-Q formulae, respectively. APE 

was significantly lower with the SRK-T formula (P≤0.004) 
and significantly higher with the Hoffer-Q formula (P≤ 
0.002) when compared to other formulae (Figure 1).

A subgroup analysis of the patients according to the 
mean preoperative K-reading (<46.5 D or ≥46.5 D) was 
performed and showed that in patients with mean 
K-reading <46.5D, SRK/T showed better IOL power pre-
dictability than other formulae (P≤ 0.001). Hoffer-Q for-
mula showed worse IOL power predictability compared to 
other formulae (P≤ 0.001) and the Holladay I formula 
showed better predictability than the SRK II formula 
(P=0.013). In patients with average K-reading ≥46.5D, 
there was no statistically significant difference in the pre-
dictability of different formulae (P≥ 0.117) except for the 
comparison between Holladay I and SRK II formulae 
(P=0.013) and the comparison between SRK/T and SRK 
II formulae (P=0.006) (Figure 2).

Patients were stratified according to the age at the time 
of surgery into 4 groups: ≤2 years, 2 to ≤5 years, 5 to ≤8 
years and >8 years (Figure 3). Seventy-nine patients were 
≤2 years at the time of surgery. The SRK/T and Holladay I 
formulae were significantly better than other formulae 
(P=0.079). In the group of patients with age 2 to ≤5 
years at the time of surgery; the SRK/T formula showed 
better predictive value than other formulae (P=0.033) and 
the Hoffer-Q formula showed worse predictability than 
other formulae (P<0.001). In patients with age 5 to ≤8 
years, the SRK/T formula showed better predictability 
than other formulae (P≤0.001) and the Hoffer-Q formula 
showed worse predictability than other formulae 
(P<0.002). In this group, the Holladay I formula showed 
better predictability than the SRKII formula (P=0.001). In 
patients with age >8 years, there was no statistically sig-
nificant difference between the 4 formulae (P≥0.088).

Another analysis was performed according to the pre-
operative mean AL (≤19, 19–25 and ≥25 mm) (Figure 4). 
In patients with AL ≤ 19 mm; the Hoffer-Q formula 
showed worse predictability than with other formulae 

Table 1 The Illustration of Prediction Error and Absolute Prediction Error for Each Formula

Formula Prediction Errors (D) Absolute Prediction Errors (D)

Mean ± SD Median Range Mean ± SD Median Range

SRK II 0.24±1.96 0 -5.96–7.17 1.52±1.29 1.11 0.00–7.17

SRK–T 0.53±1.90 0.25 -6.00–7.50 1.42±1.32 1.00 0.00–7.50

Holladay I 0.70±2.05 0.50 -5.79–8.28 1.58±1.48 1.12 0.00–8.28
Hoffer Q 1.00±2.08 0.75 -5.91–8.89 1.70±1.55 1.25 0.00–8.89

Abbreviations: D, diopter; SRK, Sanders–Retzlaff–Kraff; SD, standard deviation.
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(P≤0.005) except when compared to the SRK II formula 
(P= 0.134). In patients with AL 19–25 mm, the SRK/T 
formula showed better predictability than other formulae 
(P<0.001). Hoffer-Q formula showed worse predictability 
than other formulae (P<0.001). In patients with AL ≥ 
25 mm, there was no statistically significant difference 
between all formulae.

Patients were further stratified according to the site of 
IOL implantation (Figure 5). Amongst patients with IOL 
implanted in the bag, the SRK/T formula showed better 
predictability than other formulae (P≤0.001) except when 
compared to Holladay I formula (P=0.053). Hoffer-Q for-
mula showed worse predictability than other formulae 
(P<0.001) except when compared to SRK II formula 
(P=0.793). In patients with IOL fixated in the sulcus, the 
SRK/T formula showed better predictability than other 
formulae (P<0.001) except when compared to the SRK II 
formula (P=0.372). Hoffer-Q formula showed worse pre-
dictability than other formulae (P<0.001). In this group, 
the Holladay I formula showed better predictability than 
the SRK II formula (P=0.014).

Discussion
Biometry in the pediatric age group is a challenging under-
taking because of the anatomical differences in 

comparison to adults. The Hoffer Q formula is considered 
to be more accurate in adult eyes with AL <22 mm.8 

However, Gokce et al suggested that there is no significant 
difference between 7 investigated IOL formulae for short 
eyes in adults.9 Several studies have evaluated the predict-
ability of these formulae in pediatric eyes. Tromans 
reported large postoperative refractive errors when adult 
IOL formulae were applied to children with AL <20 mm 
and in children younger than 3 years. However their sam-
ple size included only 52 eyes.10 Andreo et al retrospec-
tively evaluated SRK II, SRK/T, Holladay I, and Hoffer-Q 
formulae in 43 eyes and reported no statistically significant 
difference between the 4 formulae. However, only 17 eyes 
with AL ≤22.0mm were included in their study.11 Neely 
et al reviewed the data of 101 eyes of 76 patients.12 They 
included 23 eyes of children ≤2 years. They found no 
significant association between age, AL, horizontal corneal 
diameter, and the APE. They concluded that SRKII, SRK 
T and Holladay I formulae had no significant difference. 
However, Hoffer Q formula was the most variable and the 
SRK II formula was the least variable among children with 
AL ≤19 mm. The APE of the Hoffer Q formula was 
significantly inversely associated with age, AL, and the 
corneal diameter. However, 37% of the patients in their 
study had posterior lenticonus, PFV and traumatic cataract, 

Table 2 Subgroup Analysis Showing the Absolute Prediction Error (APE) for Each Formula in Diopters (D) Among Patients Who Had 
in the Bag Implanted Intraocular Lens (IOL) versus Those with Sulcus Implanted IOL

IOL Implantation Site

In the Bag Implanted IOL Sulcus Implanted IOL

Mean SD Median Mean SD Median

APE SRK II 1.40 1.24 1.00 1.63 1.33 1.25

APE Holladay 1.36 1.34 1.00 1.79 1.57 1.39
APE Hoffer Q 1.43 1.41 1.00 1.96 1.64 1.50

APE SRK T 1.23 1.21 0.90 1.60 1.41 1.10

Abbreviations: SRK, Sanders–Retzlaff–Kraff; SD, standard deviation.

Table 3 Correlation Between the Age, Axial Length (AL), Average Keratometric (K) Readings and the Absolute Prediction Error 
(APE) for the 4 Formulae

Formula Age AL Average K

Coefficient P Value Coefficient P Value Coefficient P Value

SRK II 0.131 0.021 0.011 0.842 0.057 0.317

SRK–T 0.080 0.162 0.058 0.309 0.134 0.019

Holladay I 0.039 0.497 0.047 0.416 0.159 0.005
Hoffer Q 0.074 0.196 0.016 0.778 0.120 0.035

Abbreviation: SRK, Sanders–Retzlaff–Kraff.
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all of which were excluded in the current study. In the 
current study we have found a significant negative correla-
tion between the age of the patient and APE of SRK/T 
formula but not Hoffer Q formula. On the other hand, 
Nihalani and VanderVeen did not find any correlation 
between the age and the PE of any of the formulae they 
evaluated (SRK II, SRK/T, Holladay I and Hoffer-Q). 
However, their study included only 22 patients with age 
≤2 years.13 Trivedi et al reported that Holladay II formula 
had the least APE when compared to Holladay 1, Hoffer 
Q, and SRK/T formulae, especially in eyes with AL 
<22 mm. They also reported that predicted refraction was 

closer to the postoperative refraction in the no-capture 
group in comparison to the optic capture one.14 

Kekunnaya et al evaluated the variability of SRK II, 
SRK/T, Holladay and Hoffer-Q formulae in 128 eyes 
with age ≤2 years old including only 15 eyes with AL 
<18 mm. They reported that SRK II was the least variable 
formula, while the Hoffer-Q was the most variable one, 
which is consistent with our results. They found no corre-
lation between the age, AL, and mean K-readings with the 
APE of the SRK II formula. However, AL was inversely 
associated with APE of Hoffer Q and Holladay formulae. 
K readings were inversely associated with the APE of the 

Table 4 Correlation Between the Age, Axial Length (AL), Average Keratometric (K) Readings and the Absolute Prediction Error 
(APE) for the 4 Formulae Among Patients Who Had in the Bag Implanted Intraocular Lens (IOL)

Formula Age Average K-Readings AL

APE SRKII Correlation Coefficient 0.203 0.022 0.003
P value 0.013 0.791 0.974

N 150 150 150

APE Holladay Correlation Coefficient 0.013 0.131 0.090
P value 0.874 0.110 0.274

N 150 150 150

APE Hoffer Q Correlation Coefficient 0.061 0.097 0.074
P value 0.456 0.238 0.368

N 150 150 150

APE SRK T Correlation Coefficient 0.114 0.093 0.084
P value 0.163 0.256 0.310

N 150 150 150

Abbreviation: SRK, Sanders–Retzlaff–Kraff.

Table 5 Correlation Between the Age, Axial Length (AL), Average Keratometric (K) Readings and the Absolute Prediction Error 
(APE) for the 4 Formulae Among Patients Who Had Sulcus Implanted IOL

Formula Age Average K-Readings AL

APE SRK II Correlation Coefficient 0.062 0.064 0.014
P value 0.443 0.428 0.861

N 157 157 157

APE Holladay Correlation Coefficient 0.050 0.122 0.013
P value 0.533 0.129 0.870

N 157 157 157

APE Hoffer Q Correlation Coefficient 0.075 0.067 0.119
P value 0.353 0.406 0.138

N 157 157 157

APE SRK T Correlation Coefficient 0.041 0.122 0.018
P value 0.608 0.129 0.825

N 157 157 157

Abbreviation: SRK, Sanders–Retzlaff–Kraff.
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SRK/T formula.15 In our study, there was a significant 
negative correlation between the age of the patient and 
the APE of the SRK II formula. Moreover, in the SRK-T, 
Holladay and Hoffer-Q formulae, APE was affected by the 
average k-readings. In all age groups, the SRK/T formula 
was significantly better except in the subgroup > 8 years. 
As a part of the infant aphakia treatment study, 

VanderVeen et al compared the predictability of Hoffer- 
Q, Holladay I, Holladay 2, SRK/T, and SRK II formulae in 
43 eyes, including 23 eyes with AL <18 mm. The Hoffer 
Q formula had shown overcorrection in contrast to the 
SRK II formula. The mean PE was significantly associated 
with the AL except for the SRK II formula with eyes 
<18.0 mm, which had the largest prediction error. The 

Figure 1 Comparison between the absolute prediction error (APE) of SRK II, Holladay I, Hoffer Q and SRK/T formulae.

Figure 2 Comparison between the absolute prediction error (APE) of SRK II, Holladay I, Hoffer Q and SRK/T formulae in the subgroup of patients with mean preoperative 
keratometric (K) readings <46.5 diopter (D) and in those with mean preoperative K-reading ≥46.5 D.
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Holladay 1 and SRK/T formulae gave the best results even 
with an optimized A constant, which is consistent with our 
results.16 Vasavada et al studied 117 eyes and 66 patients 

were ≤ 2 years. They compared the predictability of the 
SRK/T, Holladay II, and Holladay I, Hoffer-Q formulae. In 
eyes with an AL ≤20 mm, the SRK/T and Holladay II 

Figure 3 Comparison between the absolute prediction error (APE) of the SRK II, Holladay I, Hoffer Q and SRK/T formulae in different age groups.

Figure 4 Analysis of the absolute prediction error (APE) of the SRK II, Holladay I, Hoffer Q and SRK/T formulae according to the preoperative axial length.
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formulae were the least variable. The PE had shown over-
corrections for all formulae. Upon using the personalized 
lens constant, this overcorrection decreased with more 
accurate results, except for the Hoffer Q formula.17 In 
the largest case series to date, Lee et al evaluated the 
SRK II, SRK/T and Hoffer-Q formulae in 481 eyes and 
found that the SRK II formula was the most predictable, 
while the Hoffer Q formula was the least predictable Age 
was significantly correlated with PE in all formulae. AL 
was significantly correlated with the PE of both SRK/T 
and Hoffer-Q formulae. These formulae caused overcor-
rections for patients with short AL. However, they did not 
specify the number of patients <2 years.18 A recent study 
by Li et al evaluated 377 eyes including 161 eyes 
<22.0 mm. They compared the SRK II, SRK/T, Hoffer- 
Q, Holladay I, T2, and Super formulae. Mean PE was 
positive with all formulae. SRK II formula showed sig-
nificantly higher APE in contrast to Hoffer-Q and 
Holladay I formulae. They included different IOL types 
which may have resulted in difficult generation of opti-
mized lens constants and they did not report the number of 
patients <2 years.19 In the current study we have found 
that all IOL power calculation formulae tend to be variable 
in pediatric eyes especially in children <2 years, with 
AL<19 mm and when K-readings are >46.5 D. SRK/T 

formula was the best in our series with comparable results 
to Holladay I formula. The Hoffer-Q was the worst which 
is consistent with previous studies. Hoffer-Q formula 
determines the personalized ACD by considering both 
AL and K-readings. In pediatric eyes the ratio of anterior 
and posterior segments is different from that of adults, as 
the anterior segment is disproportionately large in infancy. 
Using empirically modified personalized ACD strategy to 
improve refractive results in adult eyes might be inap-
propriate for pediatric eyes. In a study done by Hoffer, 
using a personalized ACD with the Hoffer-Q formula 
yielded less accurate results at extremes of AL. In addi-
tion, the Hoffer-Q formula requires the measurement of 
the surgeon factor which may show greater variations in 
eyes with short axial lengths and smaller white-to-white 
diameter.19 This suggests that factors such as the effect of 
the dynamics of shallower AC in pediatric eyes, the vari-
ety of implantation sites, and the postoperative dynamics 
attributable to vitreous pressure, haptic angulations, pos-
terior capsule contraction, and the frequent proliferation of 
retained lens material could affect the postoperative refrac-
tion. These factors are not accounted for by current avail-
able formulae.

The current study is limited by its retrospective design, 
using contact rather than immersion A-scan biometry, and 

Figure 5 Analysis of the absolute prediction error (APE) of the SRK II, Holladay I, Hoffer Q and SRK/T formulae according to the site of intraocular lens implantation (IOL).
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inclusion of cases with sulcus implanted IOL even though 
we performed a subgroup analysis to compare the predict-
ability of different formulae according to site of IOL 
implantation. Surgeries and postoperative refractions 
were performed by multiple ophthalmologists who were, 
nevertheless, skilled pediatric ophthalmologists. Another 
limitation is that we did not evaluate newer formulae such 
as the T2, Holladay II, or Barrett Universal formulae 
because they were not included in the software of the 
biometry instrument.

In conclusion, all IOL power calculation formulae tend 
to be variable in children especially in children <2 years, 
with AL <19 mm and K readings >46.5 D. The SRK/T 
formula was the best in our series with comparable results 
to Holladay formula. Further research may help in devel-
oping a new formula specific for paediatric eyes or even 
modifying the current IOL formulae to be more accurate in 
pediatric eyes.

What was known:

● Obtaining a favorable refractive outcome in pediatric 
biometry is a challenging task

● There is no consensus on which formula is the most 
accurate in pediatric eyes

What the paper adds:

● Absolute prediction error is significantly lower with 
the SRK/T formula and significantly higher with the 
Hoffer-Q formula

● There was a negative correlation between the age of 
the patient and the absolute prediction error of the 
SRK II formula

● The SRK/T, Holladay and Hoffer-Q formulae abso-
lute prediction errors were affected by the average 
k-readings.
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