
Revista da Sociedade Portuguesa de Oftalmologia · Volume 46 · N2 · Abril-Junho 2022   |   69

 João Chaves1, Miguel Raimundo1,2, Conceição Lobo1,2, Joaquim Murta1,2

1 Centro de Responsabilidade Integrado de Oftalmologia, Centro Hospitalar e Universitário de Coimbra, Coimbra, Portugal
2 Faculdade de Medicina da Universidade de Coimbra, Coimbra, Portugal

Recebido/Received: 2021-10-15 | Aceite/Accepted: 2021-12-10 | Publicado/Published: 2022-06-30
© Author(s) (or their employer(s)) and Oftalmologia 2022. Re-use permitted under CC BY-NC. No commercial re-use. 

© Autor (es) (ou seu (s) empregador (es)) e Oftalmologia 2022. Reutilização permitida de acordo com CC BY-NC. Nenhuma reutilização comercial.

DOI: https://doi.org/10.48560/rspo.25953

Abstract

Introduction: Our purpose was to comparatively evaluate the accuracy of newer in-
traocular lens (IOL) calculation formulas (Barrett Universal II, Kane and Hill-RBF 3.0) and com-
mon third-generation formulas with and without using a novel axial length (AL) adjustment in 
predicting refractive outcomes in eyes with short AL.

METHODS: Retrospective study including eyes with AL less than 22.0 mm submitted to 
uneventful cataract surgery and implantation of an AcrySof SN60AT IOL. All patients underwent 
optical biometry (Carl Zeiss IOLMaster 700) and the post-operative spherical equivalent for the 
same implanted IOL was estimated using SRK/T, Holladay 1, Hoffer Q, Haigis, Barrett Universal 
II, Kane and Hill-RBF 3.0 formulas. The Cooke-modified axial length (CMAL) method was used 
in the SRK/T, Holladay 1 and Hoffer Q formulas. Analysis was performed before and after lens 
constants optimization. Outcomes included the mean (ME) and median (MedE) prediction error, 
the mean absolute (MAE) and median absolute prediction error (MedAE) and the proportion of 
eyes within 0.50, 0.75 and 1.00 diopters (D) of the pre-operative prediction. 

RESULTS: Sixty-four eyes with a mean axial-length of 21.54 ± 0.57 mm were included. Without 
adjustment the Hoffer Q was the only formula with a slightly myopic refractive prediction error 
–0.157D ± 0.60 and Hill-RBF 3.0 had the lowest standard deviation in the prediction error 0.031D ± 
0.58. After optimization the mean absolute error in ascending order was Kane 0.43D, Hill-RBF 3.0 
0.43D, Barrett 0.44D, Hoffer Q 0.45D, Haigis 0.45D, Holladay 1 0.48 and SRK/T 0.53D. The Kane for-
mula, with the lowest MAE, yielded a prediction error within 0.50D, 0.75D and 1D in 71.9%, 84.4% 
and 90.6% of cases, respectively. Using CMAL did not improve predictions. The use of optional 
variables in the Kane (LT and CCT) and Barrett Universal II (LT and WTW) formulas changed the 
prediction error >0.1D in less than 30% of cases and most without further improvement. 

CONCLUSION: Recent formulas like the Barrett Universal II, Kane, Hill-RBF v3.0 perform 
well, particularly after constant optimization. Without optimization the Hoffer Q is the only one 
with myopic prediction error which might explain its popularity in this subset of patients. The 
CMAL adjustment, originally developed for another optical biometer (OLCR device) did not im-
prove outcomes. Also, the use of optional variables in the Kane and Barrett Universal II formulas 
did not further enhance predictions. 
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Introduction

Cataract surgery is the main refractive surgical proce-
dure performed in adults and the prediction of its refrac-
tive postoperative outcome remains a challenge.1,2 

The introduction of new generation intraocular lens 
(IOL) calculation formulas improved the ability to accu-
rately predict its outcomes and recent studies show excel-
lent results, with 83.1% of eyes within a prediction error 
of ±0.50 D.3 However, these results include a majority of 
eyes within the axial length (AL) of 22 to 25.5 mm.3 When 
the AL is shorter than 22.0 mm, these results become less 
predictable and have been reported to be greater than > 1D 
in approximately 20% of all cases, with refractions tending 
to be unexpectedly myopic.3-6 

Sources of error in eyes with short AL include a high 
power IOL, increasing the sensitivity to errors in the pre-
diction of the effective lens position (ELP) and higher IOL 
manufacturer tolerances in this IOL range (more likely to 

diverge from their labelled power). Further motives in-
clude systematic errors in AL measurement and the addi-
tional probability of having a steep cornea and shallow an-
terior chamber depth (ACD), which remains a major source 
of miscalculation.4,7,8 

To minimize these errors a few strategies have been 
employed, including the optimization of formula constants 
and the adjustment of the axial length. 

Optical biometers have two different methods of calcu-
lating axial length (AL), one method is the traditional AL 
and the other is sum-of-segments AL.9

In traditional AL the segmented refractive indices of the 
eye are weighted in proportion to the segment lengths of the 
Gullstrand model and employed to acquire one representa-
tive average refractive index of the whole eye. Sum-of-seg-
ments contains the sum of geometric lengths of the ocular 
segments (cornea, aqueous, lens, and vitreous) to obtain AL.9 
Currently, the IOLMaster and Lenstar biometers measure 
axial length (AL) in the same traditional AL style.9

RESUMO

INTRODUÇÃO: O nosso objectivo foi avaliar comparativamente a previsão de fórmulas de 
terceira e nova geração (Barrett Universal II, Kane e Hill-RBF 3.0) no cálculo de lentes intraocula-
res (LIO) com e sem o uso de um novo ajuste de comprimento axial (CA) na previsão dos resulta-
dos refrativos de olhos com baixo CA. 

MÉTODOS: Estudo retrospectivo que inclui olhos com CA inferior a 22,0 mm submetidos a 
cirurgia de catarata sem intercorrências e implante de uma LIO AcrySof SN60AT. Todos os doen-
tes realizaram biometria óptica (Carl Zeiss IOLMaster 700) e o equivalente esférico pós-operatório 
para a LIO implantada foi calculado para as fórmulas SRK/T, Holladay 1, Hoffer Q, Haigis, Barrett 
Universal II, Kane e Hill-RBF 3.0. O ajuste do CA através do método de Cooke (CMAL) foi uti-
lizado para as fórmulas SRK/T, Holladay 1 e Hoffer Q. Os dados foram analisados antes e após 
a otimização das constantes das LIOs. Os resultados incluíram o erro de previsão médio (ME) e 
mediano (MedE), o erro de previsão médio (MAE) e mediano absoluto (MedAE) e a proporção de 
olhos dentro de 0,50, 0,75 e 1,00 dioptrias (D) da previsão pré-operatória.

RESULTADOS: Incluíram-se 64 olhos com CA médio de 21,54 ± 0,57 mm. Sem ajustes, a 
fórmula Hoffer Q foi a única com um erro de previsão miópico –0,157D ± 0,60 e a Hill-RBF 3.0 teve 
o menor desvio padrão para o erro de previsão 0,031D ± 0,58. Após a otimização das constantes, o 
erro absoluto médio verificou-se em ordem ascendente nas fórmulas de Kane 0,43D, Hill-RBF 3.0 
0,43D, Barrett 0,44D, Hoffer Q 0,45D, Haigis 0,45D, Holladay 1 0,48 e SRK/T 0,53D. A fórmula de 
Kane, com o menor MAE, produziu um erro de previsão dentro de 0,50D, 0,75D e 1D em 71,9%, 
84,4% e 90,6% dos casos, respectivamente. A utilização do CMAL não melhorou as previsões. A 
introdução de variáveis opcionais nas fórmulas de Kane (LT e CCT) e Barrett Universal II (LT e 
WTW) alteraram o erro de previsão >0,1D em menos de 30% dos casos e maioritariamente sem 
melhoria adicional dos resultados. 

CONCLUSÕES: Fórmulas recentes como a Barrett Universal II, Kane, Hill-RBF v3.0 apre-
sentam um bom desempenho, principalmente após otimização das constantes. Sem otimização, a 
Hoffer Q é a única fórmula com erro de previsão miópico o que pode explicar sua popularidade 
neste subconjunto de doentes. O ajuste CMAL, originalmente desenvolvido para outro biómetro 
óptico (optical low-coherence reflectometry - OLCR), não melhorou os resultados. O uso de variá-
veis opcionais nas fórmulas de Kane e Barrett Universal II também não melhoraram as previsões.

Palavras-chave: Comprimento Axial do Olho; Lentes Intraoculares.
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The Cooke-modified axial length (CMAL) is an adjust-
ment developed by David Cooke allowing close approxima-
tion to sum-of-segments AL, using measurements available 
in optical biometers. It is reported to improve intraocular 
lens formulas originally developed with ultrasound, with 
this improvement more apparent in long and short eyes.6

Third-generation formulas (Hoffer Q, Holladay 1 and 
SRK-T) are based on the thin lens principle and calculate 
ELP with AL and corneal power variables only.1,2 Fourth 
generation (Haigis) and fifth generation formulas (Barrett 
Universal II) include additional variables. Preoperative 
ACD is incorporated in the Haigis formula whereas ACD 
and optionally lens thickness (LT) and corneal white-to-
white (WTW) are included in the Barrett Universal II.1 Kane 
formula employs artificial intelligence and uses AL, corneal 
power, ACD, sex, LT and central corneal thickness (CCT), 
the latter as optional.2 The Hill-Radial Basis Function (Hill-
RBF) formula is a mathematical algorithm selecting the 
power of an IOL independent of a distinct effective lens 
position calculation. It uses pattern recognition and data 
interpolation requiring AL, corneal power, ACD, LT, CCT, 
sex and WTW.10

The purpose of the current study is to comparatively 
evaluate the accuracy of newer IOL calculation formulas 
(Barrett Universal II, Kane and Hill-RBF 3.0) and common 
third (Hoffer Q, Holladay 1 and SRK/T) and fourth (Haigis) 
generation formulas with and without using a novel AL ad-
justment (CMAL) in predicting refractive outcomes in eyes 
with short AL.

Material and M ETHODS

Study Design 

Retrospective study of eyes submitted to uneventful 
cataract surgery and in the bag implantation of an AcrySof 
SN60AT IOL (Alcon Laboratories, Inc) between 2016 and 2021.

The data from 64 consecutive patients with ALs equal 
to or less than 22.0 mm were included. Exclusion criteria 
included incomplete data, ultrasonic biometry, combined 
or complicated phacoemulsification surgery, previous in-
traocular surgery (including previous refractive corneal 
surgery), intraoperative complications, any preexisting 
ocular pathology and postoperative best corrected distance 
visual acuity (BCVA) worse than 20/40.

The study followed the ethical tenets of the Declaration 
of Helsinki. All patients were fully informed and gave writ-
ten consent.

�Clinical evaluation and data 
Collection 

In all patients, a complete ophthalmological evaluation 
was performed including, BCVA, comprehensive slit-lamp 
evaluation, measurement of intraocular pressure (Gold-
mann tonometry) and fundus examination.

Collected data included general demographic, preopera-
tive CDVA and the implanted IOL model and power. Biome-

try was solely obtained with swept-source optical coherence 
tomography biometer (IOLMaster 700; Carl Zeiss Meditec 
AG, Jena, Germany). Manifest postoperative refraction was 
performed between 6 and 8 weeks after surgery. Refraction 
was first evaluated by an automatic kerato-refractometer 
(ARK-1, NIDEK CO.LTD, Japan) and afterwards the cylin-
der axis, power and Spherical Equivalent (SE) were verified 
with a Jackson cross-cylinder. The red-green duochrome test 
was used to refine the spherical refraction.

IOL Power Formulas

Using the collected data, the predicted spherical equiv-
alent for the IOL implanted was back-calculated for the fol-
lowing formulas hereunder:

•	� SRK/T, Haigis; Holladay 1 and Hoffer Q: Formulas 
programmed into Excel according to the author’s rec-
ommendations11-14

•	 �Radial Basis Function 3.0 (hill RBF 3.0): AI-based al-
gorithm with radial basis function available online at 
https://rbfcalculator.com/

•	 �Barrett Universal II: Unpublished formula available 
via an online calculator at: https://calc.apacrs.org/bar-
rett_universal2105/

•	� Kane: Unpublished formula based on theoretical op-
tics available at https://www.iolformula.com/

Two separate outcomes were included using the Barrett 
Universal II and Kane formulas.

Barrett Universal II (Full) and Kane (Full) denote the use 
of optional variables: LT and WTW in Barrett Universal II and 
LT and CCT in Kane. When simply named Barrett Universal II 
and Kane these formulas do not contain optional values. 

In all formulas the optimized A-constant of the SRK/T 
formula from the User Group for Laser Interference Biom-
etry (ULIB) website (http://ocusoft.de/ulib/c1.htm) was used. 

The Cooke-modified axial length (CMAL) axial length 
adjustment was used in the SRK/T, Holladay 1 and Hof-
fer Q formulas, following the recommendations from the 
original article.6

CMAL= +1.23853+ 0.95855 x traditional AL – 0.05467 x 
lens thickness

Statistical Analysis

Prediction error was calculated as the difference be-
tween the spherical equivalent of the postoperative refrac-
tive error and the refractive error predicted by the IOL 
power calculation formula for the implanted IOL. A nega-
tive value specified a myopic prediction error.

Before lens factor optimization, outcomes included the 
mean numerical error and its standard deviation. To eliminate 
the formulas systematic refractive errors the recommenda-
tions described by Hoffer et al were followed by zeroing out 
the mean numerical error.15 Subsequently the mean (ME) and 
median (MedE) prediction error, its standard deviation, the 
mean absolute (MAE) and median absolute prediction error 
(MedAE) and the proportion of eyes within eyes within a pre-
diction error of 0.50, 0.75 and 1.00 diopters (D) were evaluated.

https://rbfcalculator.com/
https://calc.apacrs.org/barrett_universal2105/
https://calc.apacrs.org/barrett_universal2105/
https://www.iolformula.com/
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Statistical analysis was performed using STATA soft-
ware (version 17, StataCorp LCC, College Station, TX, 
USA). Population demographics, preoperative biometry 
data and implanted IOL power were summarized using 
traditional descriptive statistical methods.

For comparisons between the MedAE, a paired signed 
rank test was performed, corrected for multiple compari-
sons using a Bonferroni method. A p value less than 0.05 
was considered statistically significant.

RESULTS

A total of 64 eyes from 64 patients were included. The 
mean age was 70.27 ± 10.12 years (range 45-90) with a pre-
dominance of females (78.13%). Average keratometry was 
45.74 ± 1.79D and mean AL 21.54 ± 0.57 mms. An AcrySof 
SN60AT IOL was implanted in all patients with a mean 
power of 26.30 ± 2.77D (range 23-40). 

The demographic and preoperative data are summa-
rized in Table 1. 

Table 2 depicts results before constant optimization. 
The Hoffer Q was the only formula with a slightly myopic 
refractive prediction error –0.157D ± 0.60 and Hill-RBF 3.0 
had the lowest standard deviation in the prediction error 
0.031D ± 0.58.

Table 3 summarizes the overall accuracy of each IOL for-
mula after constant optimization, sorted by MAE from low-
est to highest. The Kane (Full) formula yielded the lowest 
mean absolute error of 0.43D, followed in ascending order 
by Hill-RBF 3.0 0.43D, Barrett (Full) 0.44D, Hoffer Q 0.45D, 
Haigis 0.45D, Holladay 1 0.48 and SRK/T 0.53D. Fig. 1 shows 
the box-and-whisker plots and the distribution around the 
MedAE value. 

Fig. 2 displays the proportion of eyes with an absolute 
prediction error within ±0.50, ±0.75, and ±1.00D for each 
IOL power calculation formula after constants were op-
timized. The Kane (Full) formula, with the lowest MAE, 
yielded a prediction error within 0.50D, 0.75D and 1D in 
71.9%, 84.4% and 90.6% of cases, respectively. Similar 
performance was observed with the Hill-RBF 3.0 (70.3%, 
79.7%, and 89.1%) and Barrett II (Full) (68.8%, 84.4%, and 
90.6%) formulas. Overall, newer formulas achieved higher 
percentages compared to traditional ones. Using CMAL 
did not improve predictions in any of the tested formulas 
(SRK/T, Holladay 1 and Hoffer Q). 

Intraocular Lens Power Calculations in Short Eyes

Table 1. Demographic variables, preoperative biometric data 
and implanted IOL power a

Variables Value

Demographics

Patients (n) 64 

Eyes (n) 64

Age (years) 70.27 ± 10.12

Female (%) 78.13

Biometry

Keratometry (D)

       Average keratometry (D) 45.74 ± 1.79

       K1 (D) 45.09 ± 1.67

       K2 (D)  46.38 ± 1.95

Axial length (mm) 21.54 ± 0.57 (18.36 to 21.99)

Anterior chamber depth (mm) 2.77 ± 0.38

Central corneal thickness (µm) 544.69 ± 37.97

Lens Thickness (mm) 4.64 ± 0.43

White to White (mm) 11.38 ± 0.41

IOL 

      Model SN60AT (n) 64

      Power Implanted 26.30 ± 2.77 (23 to 40)

IOL = intraocular lens; D = diopters;
a �Data presented as number and percentage or as mean ± standard 

deviation, with the exception of axial length and IOL power, 
which are presented as maximum and minimum;

Table 2. Mean numerical error in unoptimized formulasa

Formula MNE STDEV

Hoffer Q -0,157 0,603

SRK/T 0,025 0,742

Hill-RBF 3.0 0,031 0,579

Holladay 1 0,033 0,678

Haigis 0,072 0,634

Kane (Full) 0,103 0,592

Hoffer Q CMAL 0,115 0,645

Barrett (Full) 0,163 0,588

SRK/T CMAL 0,266 0,799

Holladay 1 CMAL 0,290 0,734

MNE = mean numerical error; SDEV = standard deviation of the error 
a �Before optimization of formulas constants. Sorted by ascending 

order of MNE

Figure 1. Median absolute prediction error by intraocular lens formula after 
constant optimization
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The use of optional variables in the Kane (LT and CCT) 
and Barrett Universal II (LT and WTW) formulas changed 
the prediction error >0.1D in less than 30% of cases and 
most without further improvement. In Barrett formula 
when LT is the only optional the change in prediction error 
is >0.1D in 9.4% of cases, increasing to 21.9% when only 
WTW is inserted and achieving 28.1% when both vari-
ables are employed. In Kane formula the single use of LT 
does not change predictions, however using CCT and both 
variables changed the prediction error >0.1D in 23.4% and 
26.6% of cases, respectively (Fig. 3). A subgroup analysis 
was performed when the prediction error changed >0.1D 
to evaluate if this modification provided further improve-
ment in the overall prediction results (Fig. 4). Except for 
the marginal enhancement using CCT in the Kane formula, 
most optional variables had no overall improvement in the 
final prediction error. 

DISCUSSION

This study represents a large sample of patients with 
short axial length exclusively implanted with a monofo-
cal SN60AT IOL. In addition to common third and fourth 
generation formulas, newer intraocular lens (IOL) calcula-

Intraocular Lens Power Calculations in Short Eyes

Table 3. Overall accuracy of IOL power calculation formulas (N = 64)a�  

% of Eyes Within PE Rangeb

Formula MeanAE MedAEb ME STDEV ±0.50 D ±0.75 D ±1.00 D p-valuec p-valuec

(Bonferroni)c

Kane Full 0.428 0.298 0.000 0.405 71.9% 84.4% 90.6% REF REF

Hill-RBF 3.0 0.433 0.311 0.000 0.381 70.3% 79.7% 89.1% .671 1.000

Barrett Full 0.443 0.337 0.000 0.383 68.8% 84.4% 90.6% .936 1.000

Hoffer Q 0.449 0.332 0.000 0.399 65.6% 76.6% 90.6% .862 1.000

Haigis 0.453 0.279 0.000 0.440 68.8% 78.1% 89.1% .588 1.000

Hoffer Q CMAL 0.464 0.328 0.000 0.444 64.1% 78.1% 90.6% .422 1.000

Holladay 1 0.482 0.332 0.000 0.473 67.2% 78.1% 89.1% .226 1.000

Holladay 1 CMAL 0.504 0.335 0.000 0.530 60.9% 75.0% 90.6% .099 0.887

SRK/T 0.538 0.391 0.000 0.508 60.9% 76.6% 89.1% .009 0.082

SRK/T CMAL 0.551 0.376 0.000 0.574 60.9% 79.7% 87.5% .010 0.090

IOL = intraocular lens; ME = mean error; MeanAE = mean absolute prediction error; MedAE = median absolute prediction error; PE = pre-
diction error; STDEV = standard deviation of the error; D = diopters; CMAL=Cooke-modified axial length
a After optimization of formula constants. Sorted by ascending order of MeanAE. 
b Proportion of eyes with absolute PEs within these diopters. 
c �Kane (Full) used as reference for paired comparisons using a sing rank test, p-value are shown both uncorrected and following multiple 

comparisons correction (Bonferroni)

Figure 2. Proportion of eyes with an absolute prediction error within ±0.50, 
±0.75, and ±1.00D after constant optimization

Figure 3. Change in the prediction error with optional variables in the Kane 
(LT and CCT) and Barrett Universal II (LT and WTW) formulas

Figure 4. Overall improvement in the prediction error when changed >0.1D
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tion formulas were also included, such as Barrett Universal 
II, Kane and Hill-RBF 3.0. The AL measurements, the IOL 
constants used and the chosen formula have been suggested 
as the three main sources of significant prediction errors.16 
Therefore, the main study goals were to determine if AL 
adjustment (CMAL), constant optimization and new IOL 
power prediction formulas improve outcomes. A secondary 
endpoint was analyzing the prediction error change employ-
ing optional variables in the Barrett and Kane formulas. 

Without optimization the Hoffer Q is the only formula 
with myopic prediction error which might explain its pop-
ularity in this subset of patients. Some early studies sug-
gested Hoffer Q has the most reliable formula in short eyes, 
however divergent results have been published.1,17,18 These 
results might be explained by different axial length cut-offs, 
heterogenous selection of formulas and IOL types in addi-
tion to variability in samples selection and size. Studies by 
Carifi et al and Gökce et al also found a myopic refractive 
prediction error for the Hoffer Q formula of - 0.22 ±1.22D 
and - 0.22 ± 0.49D, respectively.1,19 These results are compa-
rable to ours -0.16 ±0.60D. 

Before optimization Hill-RBF 3.0 had the lowest stand-
ard deviation in the prediction error 0.031D ± 0.58. Simi-
lar to our results Gökce et al also verified that prior to the 
adjustment of the mean refractive prediction error to zero, 
Hill-RBF formula had one of the lowest standard devia-
tions in the prediction error + 0.05 ± 0.47.1

After constant optimization the Kane formula yielded 
the lowest MAE, followed by Hill-RBF v3.0 and Barrett Uni-
versal II. Overall, recent formulas perform well in this subset 
of patients. These formulas are followed by Hoffer Q, Haigis, 
Holladay 1 and lastly SRK/T. Gavin et al compared the accu-
racy of the Hoffer Q and SRK/T in 41 eyes with AL <22 mm 
and discovered Hoffer Q (MAE= 0.78D) was significantly 
more accurate than the SRK/T (MAE= 0.98D).20 Our study 
confirms these results, since the Hoffer Q (MAE= 0.45D) was 
more accurate than the SRK/T (MAE= 0.54D).

Eom et al compared the accuracy of the Hoffer Q and 
Haigis formulas according to the ACD.21 The Hoffer Q and 
Haigis formulas were found to be similarly accurate in eyes 
with ALs <22.0 mm. After performing a subgroup analy-
sis, when the ACD was deeper than 2.40 mm no significant 
differences were found between the Hoffer Q or Haigis 
formula. However, Haigis formula was significantly more 
accurate than Hoffer Q in patients with an ACD less than 
2.40 mm. In our study, the mean ACD was 2.77 ± 0.38 mm, 
explaining the similar MAE of Hoffer Q (MAE= 0.45D) and 
Haigis (MAE= 0.45D) formulas. 

The Kane (Full) formula yielded a prediction error 
within 0.50D, 0.75D and 1D in 71.9%, 84.4% and 90.6% of 
cases, respectively. Similar performance was observed with 
the Hill-RBF 3.0 (70.3 %, 79.7%, and 89.1%) and Barrett II 
(Full) (68.8 %, 84.4%, and 90.6%) formulas. Unfortunately, 
these outcomes are still less accurate than the reports de-
scribed in eyes with normal ALs. For example, Barrett II 
reports a prediction error within 0.50D, 0.75D and 1D in 
80.8%, 93.7% and 97.8% of cases.22 Therefore, we can con-
clude that in this subset of patients further improvement in 

IOL power calculation is necessary. 
According to Cooke et al CMAL adjustment improves 

most of US-derived formulas and worsens most optical bi-
ometry derived formulas. However, in our study CMAL 
adjustment did not improve predictions in any of the tested 
US-derived formulas (SRK/T, Holladay 1 and Hoffer Q).9 

As stated by Cooke et al CMAL was developed with the 
optical low-coherence reflectometry (OLCR) device (Len-
star LS 900, Haag-Streit AG) machine, and it is not clear if 
it is transferable to other optical biometers with caution be-
ing advised.6 In our study, all biometry was solely obtained 
with swept-source optical coherence tomography biometer 
(IOLMaster 700; Carl Zeiss Meditec AG, Jena, Germany), 
which may account as an explanation for the lack of im-
provement with CMAL. 

Lastly, as a secondary endpoint in our study we con-
cluded that the use of optional variables in the Kane (LT 
and CCT) and Barrett Universal II (LT and WTW) formulas 
did not further enhance predictions.

To the best of our knowledge, there is only one study 
showing the accuracy of IOL power calculation in the pres-
ence of partial biometry.23 Using only the Barrett formula 
the authors concluded that the contribution of optional pa-
rameters was of little clinical importance in eyes with AL 
longer than 22 mm. However, in small eyes (AL ≤ 22 mm) 
there was a clinically significant difference in the calculated 
IOL power compared to the full biometry data. Interest-
ingly, WTW and LT measurements had little to no effect 
and the most important parameter among the optional pa-
rameters was found to be ACD. When the ACD was not 
employed, results were identical to calculations based only 
on AL and K readings. Instead, when ACD was applied, the 
IOL power calculation was similar to that generated by all 
parameters with only 0.05 to 0.11 D mean absolute differ-
ence between them. Since ACD was not tested as optional 
parameter in this study, our results are comparable. 

This study as several strengths. First, this is one of the 
largest reported case series in short eyes. Furthermore, the 
biometry data was collected using a single optical biometer 
(IOLMaster 700; Carl Zeiss Meditec AG, Jena, Germany). 
Lastly, we included a single eye per patient and implanted 
a single IOL model (AcrySof SN60AT)

We also recognize certain limitations. Our study has a 
retrospective design and surgeries were performed by dif-
ferent surgeons, in close relation with the reality found in a 
tertiary public hospital. Also, lens constants adjustment was 
performed to produce a mean numerical refractive prediction 
error of zero by adjusting all the prediction errors up or down, 
which is not the same as formally optimizing the lens con-
stants, though this is acceptable according to best practices.24

In summary, our results demonstrate that recent formu-
las like the Barrett Universal II, Kane, Hill-RBF v3.0 per-
form well in eyes with short axial length, particularly after 
constant optimization. Without optimization the Hoffer Q 
is the only one with myopic prediction error. The CMAL 
adjustment did not improve outcomes and the use of op-
tional variables in the Kane and Barrett Universal II formu-
las did not further enhance predictions. 
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