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Abstract

Purpose To compare measurements of axial length

(AL), corneal curvature (K), anterior chamber depth

(ACD) and white-to-white (WTW) distance on a new

device combining Scheimpflug camera and partial

coherence interferometry (Pentacam AXL) with a

reference optical biometer (IOL Master 500). To

evaluate differences between IOL power calculations

based on the two biometers.

Methods Ninety-seven eyes of 97 consecutive catar-

act or refractive lens exchange patients were examined

preoperatively on IOL Master 500 and Pentacam AXL

units. Comparisons between two devices were per-

formed for AL, K, ACD and WTW. Intraocular lens

(IOL) power targeting emmetropia was calculated

with SRK/T and Haigis formulas on both devices and

compared.

Results There were statistically significant differ-

ences between two devices for all measured param-

eters (P\ 0.05), except ACD (P = 0.36). Corneal

curvature measured with Pentacam AXL was

significantly flatter then with IOL Master. The mean

difference in AL was clinically insignificant

(0.01 mm; 95% LoA 0.16 mm). Pentacam AXL

yielded higher IOL power in 75% of eyes for Haigis

formula and in 62% of eyes for SRK/T formula, with a

mean difference within ± 0.5 D for 72 and 86% of

eyes, respectively.

Conclusions There were statistically significant dif-

ferences between AL, K and WTW measurements

obtained with the compared biometers. Flatter corneal

curvature measurements on Pentacam AXL necessi-

tate formulas optimisation for Pentacam AXL.

Keywords Scheimpflug device � Optical biometry �
IOL calculation � Axial lengths � Keratometry � White-

to white distance

Introduction

Precision requirements regarding power calculation

for intraocular lens (IOL) are growing. With new

multifocal IOLs on board and refractive or presbyopic

lens exchange becoming more popular, there is no

room for inaccurate measurements. Addressing pos-

terior corneal astigmatism has become an important

issue when dealing with toric monofocal or toric

multifocal IOLs [1–4]. The posterior corneal curvature

can be assessed with optical coherence tomography

(OCT) systems (Casia SS-1000, Tomey Corp.) and
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Scheimpflug camera-based devices such as Pentacam

HR� (Oculus Optikgerate GmbH), Galilei� (Ziemer

Ophthalmic Systems AG) and Sirius� (Schwind).

Some of these devices, used primarily for 3-dimen-

sional anterior segment analysis, have been recently

redesigned to feature an optical biometry function.

The new Galilei G6� and Pentacam AXL� can now

also be used also as biometers for IOL power

calculations [5, 6].

There are few studies comparing these new devices

to the ‘‘gold standard’’ optical biometer, the IOL

Master 500 [7–9]. Recent study retrospectively com-

pared the Galilei G6 with the IOL Master 500. The

devices provided similar mean IOL power, axial

length (AL), keratometric and anterior chamber depth

(ACD) measurements, but the authors suggested they

should not be used interchangeably for biometric

measurements and IOL power calculations [7]. Stud-

ies comparing the Pentacam AXL to other optical

biometers found inconsistent results. Shajari com-

pared the Pentacam AXL with the IOL Master 500 and

the IOL Master 700 and found no statistically signif-

icant differences in AL, keratometry and ACD mea-

surements performed with the three devices [8]. Sel

comparing the Pentacam AXL with the IOL Master

700 found significant differences for keratometry

values, AL and ACD measurements [9].

The Pentacam AXL is a single rotating Scheimp-

flug camera device combined with optical biometry

based on partial coherence interferometry (PCI) [5].

The repeatability of measurements obtained with the

Pentacam HR and the Pentacam AXL was confirmed

[8, 10, 11]. However, the question arises, if the

Pentacam AXL can be used as a solo optical biometer

in an ophthalmic setting.

The aim of our study was to compare the measure-

ment results for AL, keratometry, ACD and white-to-

white (WTW) obtained with the Pentacam AXL and

the IOL Master 500.

Patients and methods

This cross-sectional study enrolled 97 eyes of 97

consecutive patients who came for preoperative mea-

surements before cataract surgery or refractive lens

exchange in a private hospital (2500 cases/year). The

study was conducted in compliance with the principles

of the Declaration of Helsinki and approved by local

ethics committee of Lower Silesia Medical Council.

Written informed consent was obtained from all study

participants.

Patients with corneal or retinal diseases, including

age-related macular degeneration, and previous ocular

trauma were excluded. Only patients with good

fixation were eligible. For each subject, we assessed

only one eye, either the one with the more advanced

cataract, planned to be operated first, or the phakic eye

if the other was already pseudophakic. The subjects

were examined prospectively on two devices: IOL

Master 500 (software version 5.02.0590) and Penta-

cam AXL (software version 1.20r111). IOL Master

500 was considered a reference biometer. The mea-

surements for individual subjects on the two devices

were taken no more than 15 min apart to avoid the

effects of diurnal variations in corneal indices. The

IOL Master exam was always performed as first.

Exams were included only if positively evaluated by

automatic quality checks on both devices.

The Pentacam AXL is a rotating Scheimpflug

camera combined with optical biometry based on PCI.

Its light source is a blue light-emitting diode (LED)

with a wavelength of 475 nm. The rotational measur-

ing procedure generates Scheimpflug images in three

dimensions, with the dot matrix fine-meshed in the

centre due to the rotation. It takes a maximum of 2 s to

generate a complete image of the anterior eye

segment. Any eye movement is detected by a second

camera and corrected for in the process. The entire

cornea is analysed in multiple ways. The simulated K

(SimK) is derived from images taken exclusively from

the anterior corneal surface, over a 3-mm ring [5].

IOL Master 500 is a PCI optical biometer, with a

780-nm laser diode infrared light. It measures the

ACD, which corresponds to the distance between the

corneal epithelium and the anterior lens surface,

through a lateral slit illumination. For keratometry, it

uses a hexagonal pattern of six points in a 2.3-mm-

diameter zone.

Both devices use a keratometric index of 1.3375 to

convert anterior corneal curvature measurements in

millimetres to corneal power in dioptres (D). Penta-

cam AXL calculates two ACDs: internal (from corneal

endothelium to the anterior lens surface) and external

(from corneal epithelium to the anterior lens surface).

For the purpose of this study, only external ACD was

included.
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The data from the two devices taken for analysis

included: axial length (AL), corneal curvature in steep

meridian (Ks), corneal curvature in flat meridian (Kf),

mean corneal curvature (Km), anterior chamber depth

(ACD) and white-to-white distance (WTW).

For all eyes, IOL power (SN60WF, Alcon�) tar-

geting emmetropia was calculated with Haigis and

SRK/T formulas using the IOL Master measurements

with the User Group for Laser Interference Biometry

(ULIB) constants for IOL Master 500 [12–14]. The

ULIB constants for Pentacam AXL have been derived

from constants for IOL Master. The IOL power

indicating an absolute value of target refraction closest

to zero was used for analysis.

Statistical analysis

Statistical analyses were performed using MATLAB

R2009b software (MathWorks, Inc.). We calculated

the sample size needed to detect an AL difference of

0.02 mm between two devices. Fifty-seven eyes were

required for a significance level (a) of 0.05 and a test

power of 0.80. Normality of data was assessed by the

Kolmogorov–Smirnov test. All measurement data

exhibited normal distribution. A paired sample t test

was performed to evaluate statistical significance of

differences between readings from the two devices. A

difference was deemed statistically significant if its

P value was less than 0.05. Intraclass correlation

coefficient (ICC) was calculated to assess agreement

between measurements [15]. ICC values higher than

0.900 were considered as having a high degree of

agreement. Additionally, Bland–Altman plots were

used to evaluate the agreement between devices. The

mean difference and 95% limits of agreement (LoA)

were calculated. The plots were created with Origin

8.0 software (OriginLab, Co.).

Results

Out of 97 enrolled eyes, 10 eyes of 10 patients were

excluded because of persistent errors in repeated AL

measurements with the Pentacam AXL, due to dense

crystalline lens opacity (seven eyes) or high axial

myopia (three eyes), although the respective AL

measurement presented no difficulties with the IOL

Master 500. The final analysis included 87 eyes of 87

subjects. Subject mean age was 58 ± 15 (SD) (range

27–82 years), 51 were female. The mean axial length

was 23.29 ± 1.82 mm (range 19.34–28.49 mm), as

measured with IOL Master 500.

Table 1 shows mean values and differences with

95% confidence interval (CI), LoA, ICC and P values

for all measured parameters, comparing between IOL

Master and Pentacam AXL. The paired sample t test

showed statistically significant differences between

IOL Master 500 and Pentacam AXL measurements for

AL, Kf, Ks, Km and WTW (P\ 0.05), while no

significant difference was found for ACD measure-

ments (P = 0.36). The ICC values between the two

devices were high and exceeding 0.900 for all

analysed parameters, except WTW (ICC = 0.431).

The Bland–Altman plots for AL, Kf, Ks, Km and

WTW are shown in Figs. 1, 2, 3, 4, 5 and 6. K values

are reported in mm.

The Pentacam AXL yielded lower values for AL

and WTW as well as flatter corneal curvatures in flat

and step meridians. The mean difference between

devices in AL measurements was 0.01 mm (95% CI

0.01–0.02). The difference between mean curvature

radii reached significance (P\ 0.05) with Pentacam

AXL results being higher by a mean difference of

0.05 mm and 0.06 mm for the flat and the steep

meridian, respectively. WTW distance measured with

Pentacam AXL was significantly shorter then with

IOL Master 500 (11.5 ± 0.4 mm and 11.9 ± 0.5 mm,

respectively). ACD was the only parameter that

showed no statistically significant difference between

devices, with mean value of - 0.01 ± 0.13

(P = 0.36) and good agreement (ICC = 0.945).

Table 2 shows the mean IOL powers (SN60WF,

Alcon�) calculated on both devices, aiming for ‘‘zero’’

postoperative refraction. Ten eyes were excluded from

the analysis because their calculated IOL power

exceeded the commercially available range. There

was a statistically significant difference between IOL

power selected by the two devices, with Pentacam

AXL showing higher IOL power in 75% of eyes with

the Haigis formula and in 62% of eyes with the SRK/T

formula (Fig. 7). The differences were within ± 0.5 D

in 71.6 and 86.4% of eyes with Haigis and SRK/T

formula, respectively (Table 2).

The distribution of IOL powers differences

between devices, as calculated with two formulas

(Haigis and SRK/T) to achieve emmetropia, is shown

in Fig. 7.
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Discussion

We planned the present study to establish if we can

rely on the Pentacam AXL as a single optical biometer

in our setting (private hospital). It seems economically

questionable as well as time-consuming to use two

optical biometers to examine every patient, while the

option of measuring the posterior corneal curvature is

a promising feature of an optical biometer. We

therefore compared the new Pentacam AXL with the

existing IOL Master 500, performing examinations on

consecutive patients presenting for cataract surgery or

refractive lens exchange.

We found that axial length measurements obtained

with the IOL Master 500 were slightly but signifi-

cantly higher (0.01 mm) than those obtained with the

Pentacam AXL. This is close to the results of two

recent studies, which report that the Pentacam AXL

returns readings that, respectively, differ by a mean of

0.05 mm relative to the IOL Master 700 [9] and

0.026 mm relative to the IOL Master 500 [8]. Such a

small difference should not influence IOL power

calculation.

Table 1 Comparison of measurements obtained from IOL Master 500 and Pentacam AXL

Difference IOL Master 500—

Pentacam AXL

Parameter

(mm)

IOL Master

(Mean ± SD)

Pentacam

(Mean ± SD)

LoA

95%

Mean ± SD 95% CI *P Value ICC

AL 23.29 ± 1.82 23.27 ± 1.83 0.16 0.01 ± 0.04 0.01, 0.02 \ 0.001 0.999

K flat 7.78 ± 0.29 7.83 ± 0.29 0.21 - 0.05 ± 0.05 - 0.06,

- 0.04

\ 0.001 0.967

K step 7.59 ± 0.31 7.64 ± 0.30 0.20 - 0.06 ± 0.05 - 0.07,

- 0.05

\ 0.001 0.966

K mean 7.68 ± 0.29 7.74 ± 0.28 0.17 - 0.05 ± 0.04 - 0.06,

- 0.05

\ 0.001 0.967

WTW 11.9 ± 0.5 11.5 ± 0.4 0.6 0.4 ± 0.2 0.3, 0.5 \ 0.001 0.431

ACD 3.01 ± 0.39 3.02 ± 0.39 0.51 - 0.01 ± 0.13 - 0.04, 0.02 0.360 0.945

Fig. 1 Bland–Altman plots showing the agreement between

IOL Master 500 and Pentacam AXL in AL measurements. The

bold lines represent the mean difference between two devices.

The dashed lines represent 95% limits of agreement (LoA). The

percentage of points within 95% LoA is 93

Fig. 2 Bland–Altman plots showing the agreement between

IOL Master 500 and Pentacam AXL in Kf measurements. The

bold lines represent the mean difference between two devices.

The dashed lines represent 95% limits of agreement (LoA). The

percentage of points within 95% LoA is 96
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Both devices use the same proven PCI biometry.

Nevertheless, we were not able to measure AL with

the Pentacam AXL for 10 eyes of 10 patients out of the

total 97, even though these eyes were successfully

measured with the with IOL Master 500, with a wide

range of AL (19.34–28.49 mm). The eyes in question

featured advanced cataract or high axial myopia. New

swept source OCT biometers are expected to have

higher success rates in measuring AL in cases of dense

and posterior subcapsular cataracts [16].

The agreement between Pentacam AXL and IOL

Master 500 in ACD measurements was very good,

with a statistically nonsignificant difference of

- 0.01 mm (95% CI - 0.04–0.02). An older study

(2009) reported that average IOL Master ACD mea-

surement results were 0.11 mm smaller than those

obtained with the Pentacam. Still, it was not enough to

produce clinically noticeable differences in refractive

outcomes of cataract surgery [17]. It was also shown

that for ACD values, the Pentacam had the smallest

standard deviation when compared to IOL Master and

A-scan [18].

In our study, the mean difference in corneal

curvature measurements between the IOL Master

500 and the Pentacam AXL was largest for steep

meridian (- 0.06 mm, equal to 0.33 D for a standard-

ised keratometric refraction index of 1.3375). Another

group recently found a difference of - 0.033 mm

(equal to 0.19 D), also regarding the steep meridian

[8]. Studies based on the former version of Pentacam

or Pentacam HR also indicated differences in kerato-

metric measurements [19–24]. Karunaratne found

statistically significant differences between the mean

keratometric values of the IOL Master and Pentacam

equivalent keratometry readings at 2-, 3- and 4.5-mm

zone measurements. The authors concluded that after

constant optimisation, keratometry from the IOL

Fig. 3 Bland–Altman plots showing the agreement between

IOL Master 500 and Pentacam AXL in Ks measurements. The

bold lines represent the mean difference between two devices.

The dashed lines represent 95% limits of agreement (LoA). The

percentage of points within 95% LoA is 94

Fig. 4 Bland–Altman plots showing the agreement between

IOL Master 500 and Pentacam AXL in Km measurements. The

bold lines represent the mean difference between two devices.

The dashed lines represent 95% limits of agreement (LoA). The

percentage of points within 95% LoA is 96

Fig. 5 Bland–Altman plots showing the agreement between

IOL Master 500 and Pentacam AXL in ACD measurements. The

bold lines represent the mean difference between two devices.

The dashed lines represent 95% limits of agreement (LoA). The

percentage of points within 95% LoA is 93
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Master and the Pentacam equivalent 4.5-mm zone

keratometry reading may be similarly effective when

used in IOL power calculation formulas [22].

The Pentacam AXL measures posterior curvature

of the cornea and corneal thickness, yielding total

corneal power and true net power information. We

provide no comparisons of the devices in this respect,

as it is well known, that the cited parameters and

anterior curvature readings are not comparable

[21, 25] and cannot be used for most of the present

IOL calculation formulas [26].

For calculation of IOL toricity, the Pentacam AXL

offers meridional analysis method, which uses total

corneal power in a 3-mm zone [27, 28]. For the

spherical equivalent power, anterior corneal curvature

values are applied. We did not analyse calculations for

toric IOLs in our subjects. It is worth mentioning that

the Pentacam’s repeatability of corneal curvature

Fig. 6 Bland–Altman plots

showing the agreement

between IOL Master 500

and Pentacam AXL in

WTW measurements. The

bold lines represent the

mean difference between

two devices. The dashed

lines represent 95% limits of

agreement (LoA). The

percentage of points within

95% LoA is 95

Table 2 Comparison of Haigis and SRK/T IOL power calculations (SN60WF, Alcon�) with IOL Master 500 and Pentacam AXL

data

IOL power (D)

Mean ± SD Agreement between devices (% of eyes)

Formula IOL Master 500 Pentacam AXL ± 0.50 D (%) ± 1.00 D (%) P value

Haigis Mean ± SD 21.06 ± 4.94 21.58 ± 4.90 71.6 95.1 \ 0.001

Range 6.50; 29.50 7.50; 29.50

SRK/T Mean ± SD 20.98 ± 4.82 21.34 ± 4.78 86.4 97.5 \ 0.001

Range 6.50; 28.50 7.00; 29.00

Fig. 7 Distribution of IOL power differences between IOL

Master 500 and Pentacam AXL for two calculation formulas

(Haigis and SRK/T) to reach emmetropia
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readings was found to be better than that of the IOL

Master 500 or IOL Master 700 [8].

It was interesting to find that WTW measurements

were significantly lower on the Pentacam AXL in

comparison to the IOL Master 500 with poor agree-

ment (ICC = 0.470) between the devices. A statisti-

cally significantly lower WTW distance compared to

the IOL Master was also found with the Lenstar�

(Haag Streit, USA) in a meta-analysis published in

2017 [29]. Another study reported a lower average

WTW value on a Scheimpflug/Placido topography

system as compared to the IOL Master [30]. More-

over, the IOL Master constantly yielded values

exceeding measurements based on direct eye visual-

isation [31]. These differences must be considered in

IOL formulas incorporating WTW data and in calcu-

lating phakic IOLs.

Since the ACD measurements were not statistically

different and differences in AL were clinically

insignificant, the tendency of the Pentacam AXL to

provide higher calculated IOL power in our cohort can

likely be explained by its flatter keratometric mea-

surements. Compared to the IOL Master, the Penta-

cam AXL indicated higher IOL power, according to

Haigis and SRK/T, for 75 and 62% of eyes, respec-

tively. The ULIB SN60WF constants for the Pentacam

are the same as for IOL Master 500 (A SRKT = 119;

a0 = - 0.769; a1 = 0.234; a2 = 0.217). Our results

showed that these constants are obviously not optimal

for the Pentacam AXL, and all users should start with a

period of ‘‘sham’’ measurements, which will form a

basis for the needed corrections. Our cohort was not

suitable for constants optimisation, because in reality

we implanted our subjects with different types of

IOLs. Nevertheless, our theoretical comparison indi-

cates that optimisation of constants for the Pentacam

AXL is a must. This is a time-consuming process, and

new Pentacam AXL users should be aware of this

burden.

Conclusions

The measurements results required for IOL power

calculation performed on the compared devices were

found to be significantly different. Pentacam AXL and

IOL Master 500 should not be used interchangeably.

Due to its constantly flatter corneal curvature

measurements, the Pentacam AXL requires optimisa-

tion of constants used in formulas.
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