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ABSTRACT

Purpose: To develop and evaluate reliable formulae for predicting post-operative vault more
accurately after implantable collamer lens (ICL) surgery in a Caucasian patient population of varying
degrees of ammetropia.

Setting: Private clinical practice.

Design: Retrospective analysis on dataset split in separate training and test set.

Methods: One hundred fifteen eyes of 59 patients were used to train regression models predicting
post-operative vault based on anterior segment optical coherence tomography parameters (LASSO-
OCT formula), ocular biometry data (LASSO-Biometry formula) or data from both devices (LASSO-Full
formula). The performance of these models was evaluated against the manufacturer’s nomogram
(OCOS) and Nakamura 1 (NK1) and 2 (NK2) formulae on a matched separate test set of 37 eyes of 19
patients.

Results: Mean preoperative spherical equivalent.was -5.32# 3.37 (range: +3.75D to -17.375D). The
mean absolute errors of the estimated versus.achieved postoperative vault for the LASSO-Biometry,
LASSO-OCT and LASSO-Full were 144.1 = 107.9um, 145.6 * 100.6pm and 132.0 + 86.6um,
respectively. These results were significantly lower compared to the OCOS, NK1 and NK2 formulae (p
< 0.006). Postoperative vault could be estimated within 500um in 97.3% (LASSO-Biometry) to 100%
of cases (LASSO-OCT and LASSO-Full).

Conclusions: The LASSO suite provides a set of powerful, reproducible yet convenient ICL sizing
formulae with state of the art performance in Caucasian patients, including those with low to

moderate degrees of myopia. The calculator can be accessed at http://icl.emmetropia.be.
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MANUSCRIPT

Introduction

Implantable collamer lens (ICL) surgery offers a compelling surgical alternative for patients who
are not eligible for, or prefer to avoid, corneal refractive laser surgery. Several studies have
demonstrated the excellent safety and efficacy profile of ICL surgery*™. In order to minimize the risks

of ICL surgery, maximal effort should be made to avoid the need for reinterventions.

Inadequate postoperative vault is the leading cause for ICL exchange/explantation®. Vault refers
to the sagittal distance between the posterior surface of the.ICL and the anterior/capsule of the
crystalline lens. Within the range of 250 to 750um, the risks for developing anterior subcapsular
cataract (due to insufficient vaulting), as well for secondary glaucoma due to iris pigment dispersion

2310-13  post-operative vault is

and endothelial cell loss (due to excessive vaulting)‘are very low
determined by the ocular anatomy.and the dimensions of the-implanted ICL. The anatomy of the eye
influences the vault in two major ways: first, sagittal dimensions (anterior chamber depth, crystalline
lens rise,...) determine the anteroposterioridistance between the resting position of the ICL in the
ciliary sulcus and/the anterior lens capsule. Second, the coronal dimension of the eye (sulcus to
sulcus diameter) determines the degree by which the ICL is compressed in the ciliary sulcus**™®. The
STAAR V4c ICL (Staar Surgical AG, Nidau, Switzerland) is designed in such a way that lateral

compression of the ICL will lead to an anterior bowing of the lens®. For a given sulcus to sulcus

diameter, increasing the ICL size will therefore increase the vault.

Choosing the optimal ICL size remains challenging. The STAAR V4c ICL comes in 4 sizes (diameter
of 12.1 mm, 12.6 mm, 13.2 mm or 13.7 mm). Based on preoperative data, the surgeon should
choose the diameter with the highest probability of resulting in an adequate vault. The
manufacturer’s official Online Calculation & Ordering System (OCOS) formula selects the preferred

ICL size based on the corneal diameter (white to white, WTW) and anterior chamber depth (ACD).
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While achieving excellent average results, this formula is notable for its outliers™*’

. Moreover, the
formula only reports the preferred ICL size, but does not estimate the achieved vault for the selected
ICL. In an effort to improve the predictability of ICL sizing, several formulae have been developed,
with their own strengths and weaknesses with regards to precision, accuracy, external validity and

14,18-24

ease of use . Of particular importance, the vast majority of these new ICL sizing formulae have

19-21,23,24

been trained on Asian datasets with high proportion of strongly myopic eyes . Racial

differences in ocular anatomy may limit the performance of these formulae in patients of other

ethnicities™*.

The aim of this study is to develop and share a convenient suite of ICL sizing formulae, optimally

suited for a less myopic population of Caucasian descent.

Methods

Patients

The study was conducted using retrospective data of patients undergoing same-day bilateral ICL
surgery at the Medipolis Eye Center, Antwerp, Belgium. In total, 78 patients, aged 18 — 52 years,
were retrieved, of whom both eyes were included. Only eyes in which all pre- and post-operative
measurements were available were retained for further analysis, leaving a total of 152 eyes of 78
patients. Each patient.-was randomly assigned to a training (80%) or a test set (20%), ensuring a
similar distribution of postoperative vault values in both sets. Eyes corresponding to the same
patient were assigned to the same set, resulting in a training set of N=115 eyes (59 patients) and a
test set of N=37 eyes (19 patients). The training set was used for learning the vault prediction
formulae and to calibrate their hyperparameters, while the test set was kept strictly separate and

used only for evaluating the final models and the existing formulae.
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Measurements

All patients underwent extensive ophthalmological pre-/ and post-operative examinations. Intra-
ocular pressure, autorefraction, visual acuity and subjective refraction was assessed by a trained
optometrist. An experienced technician performed endothelial cell count, optical biometry (IOL-
master 700 (Carl Zeiss Meditec AG, Jena, Germany)) and corneal topography + anterior segment
optical coherence tomography (AS-OCT/MS-39) (Costruzione Strumenti Oftalmici, Firenze, Italy)) in
standardized mesopic conditions. A list of the relevant parameters that.were used in the models, as
well as their mean and standard deviation in the training set, can be found in Supplemental Table 1.
Anamnesis, slit lamp biomicroscopy and fundoscopy wasperformed by the operating surgeon (E.M.).
The decision on the ICL size was made at the discretion of the surgeon, and was guided by the OCOS

and Nakamura 1 and 2 formulae (Supplemental Figure 2)'**

. Post-operative vault was measured at
12 + 4 weeks after surgery using the provided caliper tool of the OCT software. All OCT images were

aquired under stable, mesopic light conditions, to\ minimize the influence of pupil dilation or

accomodation on the vault measurement?’.

Surgical procedure

All surgeries were performed by the same experienced surgeon (E.M.) under topical
(preservative-free oxybuprocaine HClI 0.4%) + intracameral (preservative-free lidocaine 1% )
anesthesia. Left eyes were operated first and right eyes second. A 1.0 mm side-port was made at 5
o’clock (right eye) or 10 o’clock (left eye), followed by intracameral injection of lidocaine and
methylcellulose (ocucoat, B+L, Rochester, USA). A temporal 2.6 mm clear corneal incision was
made, followed by the implantation of the ICL. After unfolding, the lens was positioned in the ciliary
sulcus. Non-toric ICLs were alligned along the horizontal meridian, toric ICLs were rotated to the
required axis. After verification of lens centration and alignment, the viscoelastic material was rinced

with saline, incisions were sealed, intracameral preservative-free antibiotics (0.1 ml cefuroxime
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(10mg/ml) were injected and one drop of dorzolamide 20% and timolol 5% was administred

topically. In the recovery room, patients were given a tablet of acetazolamide 250 mg.

Model development

Models were developed to predict post-operative vault based on patient demographics (age,
refraction and implanted ICL) and AS-OCT parameters (LASSO-OCT formula), optical biometry
parameters (LASSO-Biometry formula) or a combination of both (LASSO-Full formula). Rather than
resorting to a classical multivariate linear regression approach, the Least Absolute Shrinkage and
Selection Operator (LASSO) technique was used”. This technigue is an alternative linear regression
model widely applied in the field of machine learning for predictive tasks with'a high number of
independent variables. It holds a major advantage over traditional multivariate linear regression in
its ability to automatically discard irrelevant‘parameters that do not significantly contribute to the
accuracy of the model. For a more in<depth description of this technique, as well as for a better
understanding of the following 'paragraph, we refer to the reference article in the specialized
literature®®.

To control the effect of the L1 penalty in the optimization objective, a values in the set {10, 107,
102, 107, 1, 10, 107, 10°, 10*} were explored by evaluating their resulting mean absolute error on a
5-fold cross-validation scheme on the training set. The optimal a configuration was then applied to
retrain the model on the entire training set. To reduce the effect of differences in feature scalings,
data samples were standardized by subtracting each feature’s individual mean and dividing the
result by its corresponding standard deviation before training and prediction, as estimated from the
training set. The corresponding mean and standard deviation values are reported in Supplemental
Table 1 for reproducibility purposes. All data preprocessing and model adjustments were performed

using Python 3 (version 3.9.9), Scikit-learn3 (version 1.0.1) and SciPy4 (version 1.7.1) modules®°.
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Evaluation metrics and statistical analysis

The resulting models were evaluated on the separated test set to avoid biases in the results. The
performance of the constructed models was also benchmarked against the OCOS, Nakamura’s et al.
formula 1 (NK1)* and 2 (NK2)®. Since these alternative models are predictors for the ideal diameter
of the ICL to implant, they were adapted to perform post-operative vault prediction using the

equation proposed by Nakamura et al*:

Predicted vault =0.5 + 1.1 (Implanted ICL size - Optimal ICL size calculated from each formula)

Differences between the predicted vault value obtained by each formula and'the corresponding
ground truth postoperative vault were evaluated on a per-eye basis on the test set, using Mean
Absolute Error (MAE), Rooted Mean Squared Error (RMSE) and the coefficient of determination R-
squared values as obtained using Scikit-learn.”> Non-parametric paired Wilcoxon signed-rank tests
with level of significance of 0.05 were used to statistically compare the distributions of vault
predictions obtained by each formula with respect.to the ground truth (two-tailed) and to evaluate

differences in the error distribution (one-tailed), using SciPy.*

Results

Model design'and coefficients

Table 1 summarizes the main characteristics of the patient cohort after splitting the database into
training and test sets. No statistical significant differences between training and test measurements
were observed (Wilcoxon signed-rank test, p > 0.05). Supplemental Figure 1 illustrates the

distribution of spherical equivalent values in the training set.

A comparison in the distribution of ICL diameters recommended by the OCOS formula and the

actual implanted ICL diameter as chosen by the surgeon is depicted in Supplemental Figure 2. The
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postoperative vault achieved in the entire dataset was 482.5 + 230.1um (range 46 - 1376um). A
correlation analysis between pairs of measurements was performed using only the training set, to
avoid data leakage in model design. Supplemental Figure 3 presents a heatmap with the R values
corresponding to each pair of features, with those associated to the postoperative vault highlighted

in blue (first column/row).

Figure 1 depicts the coefficients of each of the 3 different LASSO models. Notice that the learning
algorithm automatically assigned an associated weight of zero (0) to several features. This indicates
that their contribution to minimize the objective error in the training set is minimal and that these
features can thus be ignored in the model. On the other hand, parameters that are important to the
model are attributed a positive or negative coefficient, the magnitude of which relates to the

relative importance of the parameter.

Model evaluation

Performance statistics of the different models are listed in Table 2, together with ground truth
measurements and results from OCOS, NK1 and NK2. All models predicted vault values whose
distribution is not statistically different from the achieved vault measurements (two-tailed paired
Wilcoxon signed-rank test, p > 0.05). However, there exist significant differences in their error rates.
The distributions of MAEs obtained by each formula are depicted as box plots in Figure 2. The LASSO
formulae report.the lowest errors, both in terms MAE, maximal absolute error and RMSE. From the
three LASSO models, the LASSO-Full formula was the most accurate, with the lowest MAE in terms of

magnitude and standard deviation.

Figure 3 depicts a cumulative bar chart showing the percentage of eyes in the test set with
Absolute Errors (AE) smaller than 50 microns, 100 microns, 200 microns and 500 microns, for each of
the proposed and baseline formulae. The LASSO-Full model obtained AEs below 100um for 40% of

the test eyes, 70% under 200pum and 100% under 500um. In contrast, NK1, NK2 and OCOS formulae
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obtained consistently higher error rates, with the majority of the test eyes reporting errors
exceeding 200um. Evaluating the cases with suboptimal postoperative vault in the test set (6 eyes
<250um, 6 eyes > 750um), the LASSO formulae would have resulted in a 50% (LASSO-Biometry, 3
eyes <250um, 3 eyes > 750um) tot 75% (LASSO-OCT and LASSO-Full, both 5 eyes <250um and 4 eyes

> 750um) reduction of excessive low or excessive high vault.

One-tailed Wilcoxon signed-rank tests were performed comparing the MAEs reported by the
LASSO-Full model and each of the baseline formulae (Table 2). This analysis shows that the LASSO-
Full model reported consistently lower errors than the OCOS, NK1 and NK2 formulae (p < 0.05).
There were no statistically significant difference between the LASSO-Full and'the LASSO-OCT or

LASSO-Biometry models (p > 0.05).

Figure 4 presents a Bland-Altman plot demonstrating the differences’in the vault prediction in the
test set between the LASSO-Full and the NK2 formulae. Vault predictions by the LASSO-Full model
report a mean signed difference,with the achieved vault of 2.61 and are narrowly spread around
zero. The NK2 formula has an even smaller mean signed difference of only -0.25, but is characterized
by much more spreaded results. Supplemental Figure 4 depicts this data in a different perspective,
showing the scatter plot and regression lines between achieved and predicted vault for the LASSO-

Full model (R* = 0.68) and NK2 formula (R* = 0.11).

Discussion

In this paper, we describe the development and performance of the LASSO formulae, a
convenient suite of ICL sizing formulae that can assist refractive surgeons in further improving the
safety of ICL surgery. The elective nature of refractive surgery demands the most stringent safety
standards. Over the years, studies have shown that in the hands of an experienced surgeon, ICL

implantation has an excellent efficacy and safety profile with a very low risk for sight-treatening
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complications'™. Postoperative vault is considered one of the most important risk factor for
complications after ICL surgery. Accordingly, inadequate vault is reported as the major reason for ICL
exchange/explantation®®. Improving the process of ICL sizing is therefore of key importance to
further improve the safety profile of ICL surgery>*. The LASSO suite contributes to this evolution in 3

major areas: accuracy and precision, external validity and convenience.

The LASSO models are characterized by a high accuracy and precision compared to the standard
and state-of-the-art models. With the favorable postoperative vault range between 250 and 750um,
the recommended target vault for the STAAR V4c ICL is 500pum?. To improve the predictability of ICL
sizing, not only should the average estimated vault be close to the average achieved postoperative
vault (overall accuracy), the individual estimates should also be as close as possible to the individual
achieved postoperative vaults (precision)®’. The latter is important to reduce the risk of achieving a
vault outside the favorable range. When evaluating the performance of an ICL formula, one should
therefore not only compare the average estimated vs achieved vault, but more importantly, assess
the prediction error of the individual cases. The most relevant metrics in this regard are the MAE
(the mean absolute error between the estimated and achieved vault in an individual case) and its
standard deviation, together with the maximal absolute error (the largest absolute difference
between the estimated and achieved vault in the dataset). As can be observed in Table 2, on
average, all the formulae that were used in this manuscript were able to estimate the postoperative
vault fairly well, with nosignificant differences between estimated and achieved vault for any of the
models. The OCOS formula however is characterized by a high MAE (284.5 + 217.5um) and high
maximal absolute error. This illustrates a known shortcoming of the OCOS formule and explains why

15,17

this formula is prone to outliers who fall outside the favourable range™"". In agreement with

previous studies, the NK1 and especially the NK2 formulae show improved MAE = SD and maximal

absolute errors in our test dataset™®?*°

. The LASSO models further improve the precision, as evident
from the significantly smaller MAE, SDs and maximal absolute errors. Where the maximal absolute

error of the OCOS formula in our test set was 841.0um, this error was only 347.6um in the LASSO-
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Full model. Figure 3 illustrates how these findings translate into clinical practise: following the OCOS
formula would have resulted in an error of more then 500um in 10.8% of cases, whereas the LASSO-
Full, LASSO-OCT and LASSO-Biometry formulae predicted respectively 100%, 100% and 97.3% of
cases within 500um. For the LASSO-Full model, over 90% of cases could be estimated within 200um.
These results put the performance of the LASSO-Full model on par with the recently published state-

of-the-art formulae by Kang et al. and Kamiya et al***.

In contrast to most other recent formulae, the LASSO models were trained on a European
dataset, comprising a considerable amount of patients with low. and moderate myopia.
Supplemental Table 2 lists an overview of previously published publicly available formulae. The
majority of them were trained on an Asian, more.myopic population. Racial differences in the

%26 Thjs translates to a

anatomy of the anterior segment are known to-have an impact on ICL sizing
very different distribution of implanted ICL sizes between Asian and European studies (Supplemental
Figure 5). In the study from Kamiya et al. and Kang et al., the 13.7 mm diameter ICL was only
implanted in respectively 2 out of 1745 eyes (0.1%) and 1 out of 2756 eyes (0.04%). The second
largest 13.2mm ICL accounts to less than 10% in both studies, with the vast majority of patients

23,24

receiving a 12.6 mm or 12.1 mm ICL“>“". Our study is in line with other recently published European

studies and shows an opposite' pattern with few 12.1 mm implantations but a much higher

2232 These differences between Asian and

percentage of the larger 13.2.-mm and 13.7 mm lenses
Caucasian eyes may limit;the external validity of the Asian models when used in Caucasian patients.
Having almost no 13.7mm ICLs in their training dataset, the models trained on an Asian population
cannot be expected to be as accurate for the larger ICL sizes as they are for the 12.1 mm and 12.6
mm lenses. Moreover, the training set used for the LASSO models is also considerably less myopic
compared to most other studies (Supplemental Table 2). As ICL surgery is becoming more and more
popular in patients with mild and moderate myopia, it is important that new formulae follow this
trend®®. The level of myopia has a significant influence on several anterior chamber parameters of

34,35

relevance in ICL sizing including crystaline lens rise, ACD and WTW?">>, The training set used in this
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study included patients across the ametropic spectrum (manifest refractive sphere ranging from -
17.00 to +4.75D), with a particular large percentage of eyes with low (> -3D) and moderate (> -6D)
myopia (Supplemental Figure 1). This sets the LASSO models apart from previously published

formulae and makes them particularly suited for Caucasian patients with low to moderate myopia.

The LASSO suite is convenient and can be easily implemented into clinical practice. First, the
models rely largely on automatically captured measurements. In comparison to ultrasound imaging,
the ocular biometry and AS-OCT imaging techniques used in this” study are less operator-
dependent®. Secondly, by providing three different formulae, the LASSO suite allows the user to
tailor the formula to the available equipment. The LASSO-Biometry model offers a compelling option
for surgeons without access to an AS-OCT device to.improve the accuracy of their ICL calculations
over the OCOS formula. Third, the models are provided as linear regression formulae which can be
easily implented by the end user in a spreadcheat calculator without'the need for programming skills

or special software.

The study should be read in the context of its limitations. Although the training set is of
respectable size, the performance of the madels could likely be improved by increasing the dataset,
especially for the extreme ICL sizes of 12.1 mm and 13.7 mm, of which only few cases were included
in this study. Secondly, the monacentric, retrospective nature of this study may overestimate the
performance of the models when used in a different setting. Given the contraints of the study
setting, we took measures to minimize its impact by strictly separating the training and test set at
the patient level, thus avoiding data leakage between both eyes of the same patient. Future studies
should examine if the high level of performance achieved in our test set can be matched on external

datasets.

In conclusion, the LASSO suite is a set of powerful ICL sizing formulae that were trained on a
Caucasian population including a large portion of low to moderate myopia. Both the LASSO-

Biometry, the LASSO-OCT and the LASSO-Full model report excellent accuracy and precision over a
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wide range of refractive errors and show especially improved results in the low myopic range. The
formulae can be accessed via the url http://icl.emmetropia.be. Based on the available equipment,
refractive surgeons can easily implement one of the formulae in their clinical practise. By refining the
postoperative vault prediction, the LASSO suite may ultimately help to further improve the safety

profile of ICL surgery.
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VALUE STATEMENT

What was known

- Implantable collamer lens (ICL) provides a safe and effective alternative to corneal refractive
surgery.

- Inadequate postoperative vault is the major.reason for ICL explantation.

- The majority of-recently published ICL sizing formulae are trained on Asian datasets with
predominantly/highly myopic patients.

What this paper adds

- The LASSO models offer excellent performance for prediciting postoperative vault in Caucasian
patients, also’'in those with low to moderate myopia.
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TABLES and FIGURES

Table 1 Patient demographics and characteristics

The P-value corresponds to the results of a Wilcoxon signed-rank test comparing the statistical differences in the distribution of each

characteristic in training and test set.
Table 1. Patient demographics and characteristics

Training set Test set P-value
Mean = SD Range Mean = SD Range
Number of patients | 59 (115) 19 (37)
(eyes)
Age 32.09 £7.00 (18.00, 52.00) 31.46 £7.53 (21.00, 43.00) 0.813
Manifest refractive | -4.86 +3.37 (-17.00, 4.75) -4.76 + 2.65 (-14.00, 0.25) 0.463
sphere (D)
Manifest refractive | -0.92 +1.01 (-5.50, 0.00) -1.01 + .19 (-6.00, 0.00) 0:377
cylinder (D)
Axial length (mm) 25.50 + 1.55 (21.08, 31.63) 25555, + 1.06 | (24.19, 29.05) 0.473
Anterior chamber | 3.70+0.23 (3.24, 4.36) 3.71+0.24 (3.27,4.28) 0.470
depth (mm)
Scleral spur to scleral | 12.40+0.47 (11.62, 13.58) 12.39+£0.27 (11.91, 12.99) 0.384
spur (mm)
Crystalline lens rise | -0.24+0.16 (-0.69, 0.25) -0.21 '+ 0.14 | (-0.55,0.04) 0.226
(mm)
Implanted ICL power | -5.93+3.52 (-16.50, 4.75) -5.93+2.63 (-13.5,-0.75) 0.445
(D)
Toric ICL (%) 43 = 38 — 0.549
Postoperative 479.51 +224.15 (80.00, 1376.00) 491.78 + 253.47 (46.00, 1127.00) 0.476

achieved vault (um)
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Table 2. Postoperative vault prediction error
From left to right. Mean and standard deviation (SD) postoperative vault values as measured in the test set and predicted by OCOS, NK1
and NK2 formulae and our three proposed models. Mean absolute error (MAE) and standard deviation (SD), maximal absolute error and
root of the mean square error (RMSE) as reported by each formula.
* P value comparing formula-estimated vault to measured value

** P value comparing formula’s MAE to MAE of LASSO-Full formula

Table 2. Postoperative vault prediction error

Vault (mean t | MAE £SD Maximal RMSE Two-tailed One-tailed P
SD) absolute error Value* Value**
Measured 491.8 + 250.0 - - - - -
postoperative
vault
0cos 538.6 +369.0 285.4+217.5 841.0 358.8 0.414 0.0011
NK1 544.6 + 255.8 269.5+173.5 707.6 320.5 0.330 0.0003
NK2 491.5+241.4 239.7+242.8 550.6 286.9 0.922 0.0017
LASSO-Biometry | 479.3 £126.2 144.1 £107.9 524.8 180.0 0.729 0.381
LASSO-OCT 506.8 £121.6 145.6 £ 100.6 437.8 177.0 0.449 0.376
LASSO-Full 494.3 +134.7 132.0+£ 86.6 347.6 157.9 0.673 -

Supplemental Table 1 Distribution of predictive parameters.

Mean and standard deviation (SD) values of each characteristic identifiedas relevant by the LASSO models, as estimated from the training
set.

Supplemental Table 2.'Overview of previously published formulae.
Data not reported /analyzed are indicated by NA
UBM, ultrasound biomicroscopy; AS-OCT, anterior segment Optical Coherence Tomography; SEQ, preoperative spherical equivalent.

Figure 1. Model regression coefficients.
Coefficients learned by the Full-model (left), OCT-model (right, top) and Biometry-model (right, bottom).

Copyright © 2021 The Author(s). Published by Wolt€swer Health, Inc. on behalf of ASCRS and ESCRS 19



Coefficients of the Full-model

Biometry Pupillary Di
Biometry Central Corneal Thickness -

Biometry Mean Total y

OCT Mean anterior y 5mm zone

Biometry Mean Anterior Keratometry
Biometry White to White
Biometry Lens Thickness

Biometry Anterior Chamber Depth

Coefficients of the OCT model

OCT Mean posterior keratometry 7mm zone

OCT Mean posterior keratometry 5Smm zone
OCT Mean posterior keratometry 3mm zone -
OCT Mean anterior keratometry 7mm zone +

OCT Mean anterior keratometry 3mm zone -

OCT Corneal Volume
OCT Crystalline Lens Rise

[

OCT Scleral Spur to Scleral Spur
OCT Anterior Chamber Depth 1
OCT Central Corneal Thickness -

¥ . OCT Pupillary Di
Blometry Axlal length 1 OCT Horizontal Visible Iris
OCT Mean posterior keratometry 7mm zone ICL Spherical Equivalent i
. Manifest Refraction Spherical Equi:
OCT Mean posterior y Smm zone Manifest Refraction Cylinder -
OCT Mean posterior keratometry 3mm zone - Manifest Refraction Sphere
Implanted ICL Diameter -

OCT Mean anterior keratometry 7mm zone Age

OCT Mean anterior keratometry 5mm zone
OCT Mean anterior keratometry 3mm zone -

Coefficients of the Biometry model

L

OCT Corneal Volume —
OCT Crystalline Lens Rise Biometry Pupillary Di i
OCT Scleral Spur to Scleral Spur 1 Biometry Central Corneal Thi L
OCT Anterior Chamber Depth | Bic.;metry Mean Tota.l y !
OCT Central Corneal Thickness | Blomietry Mean Anterior o
OCT Pupillary Diameter 4 Bfometry White t‘.’ White | =7
Biometry Lens Thickness —
OCT Horizontal Visible Iris Diameter I Biometry Anterior Chamber Depth -
Implanted ICL Spherical o Biometry Axial length 1
Manifest Refraction Spherical Equivalent - | Implanted ICL Spherical Equivalent
Manifest Refraction Cylinder - F ion Spherical i 1
Manifest Refraction Sphere 1 Manifest Refraction Cylinder -
ICL o Manifest Refraction Sphere -
Age = Implanted ICL Diameter -
| - -
-100 0 100 -100 0 100

Figure 2. Distribution of absolute errors in the postoperative vault prediction.
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Figure 3. Cumulative predictive accuracy.
Left: Cumulative bar chart with the percentages of eyes in the test with absolute errors smaller than 50um, 100um, 200um and 500um, for
each of the,LASSO models and the baseline formulae. Right: Percentage of eyes in the test with absolute errors higher than 500um.
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Figure 4. Bland-Altman plot comparing LASSO-Full and NK2.

Agreement between the measured postoperative vault values in the test set and the predictions from the LASSO-Full model and NK2
formula
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Supplemental Figure 1. Distribution of spherical equivalent.

Supplemental Figure 2. Distribution of implanted ICL diameter.
ICL diameter recommended by the OCOS formula (grey) and the actual implanted size (purple)

Supplemental Figure 3. Correlation between measurements.

Heatmap of R values representing the correlation between pairs of features in the training set. Numbers in eachibox (i,j) represent the
corresponding R value between features i and j. The R values between the measured postoperative vault and the remaining features are
highlighted in blue.

Supplemental Figure 4. Scatter plot and regression lines comparing LASSO-Full and NK2.
Predicted versus actual measured postoperative vault for the LASSO-Full model and the NK2 formula.

Supplemental Figure 5. Distribution of implanted ICL sizes in recent publications.
Distribution of implanted ICL sizes in recent Asian (Kang et al., Kamiya et al. 22 highlighted in grey) and European studies (Trancon et al.,
Reinstein et al., LASSO ***, highlighted in blue) Note the pronounced difference for the 12.1mm and 13.7mm sizes between the Asian and

European studies.
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