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Abstract

In this observational cross-sectional study consisting of 8365 Chinese myopic patients from five different
ophthalmic centers, we investigated the correlations between anterior and posterior corneal parameters.
Strongly negative anterior-posterior correlations of the mean corneal curvature were observed, with similar
correlation coefficients in all myopic groups (R: -0.85 to -0.88). The anterior-posterior correlations of corneal
astigmatism (R 0.65 to 0.75), eccentricity (R 0.27 to 0.38) and asphericity (R 0.29 to 0.41) were all positive,
with slightly different correlation coefficients between the myopic groups. The anterior-posterior correlations of
mean corneal curvature were strongly negative with similar correlation coefficients in all quantile groups of six
corneal and anterior chamber parameters (R: -0.84 t0 -0.91), except Sim Km (R: -0.36 to -0.64). The anterior-
posterior correlations of corneal astigmatism were all positive with slightly different correlation coefficients
between the quantile groups of SimKm (R: 0.66 to 0.74). The anterior-posterior correlations of corneal
eccentricity (R: 0.30 to 0.44) and asphericity (R: 0.33 to 0.45) were positive and slightly different between the
quantile groups of SimKm, pachy apex and corneal volume. In conclusion, anterior-posterior correlations of
corneal curvature, astigmatism, eccentricity and asphericity can be affected by the severity of myopia and some
other corneal parameters.

Introduction

It is commonly believed that the shape of the anterior and posterior corneal surfaces is highly correlated with
each other. Previous studies have demonstrated moderate to strong correlations in parameters of the anterior
and posterior corneal surfaces (e.g. corneal astigmatism, corneal curvature and corneal asphericity) in normal
human eyes'™ and in eyes with keratoconus.®” In fact, traditional methods of calculating total corneal
astigmatism, known as keratometric astigmatism, are mainly based on measurement of the anterior corneal
astigmatism (ACA), assuming the cornea a single dioptric surface with a fixed anterior to posterior curvature
ratio.2 However, the anterior and posterior corneal surfaces are not always correlated according to some fixed
ratios.® This is particularly true in eyes with subclinical or early keratoconus,*°® where changes at the posterior
cornea proceed the anterior cornea.’® On the other hand, it is possible that the correlations between the two
corneal surfaces vary according to different refractive status, corneal size and even depth of the anterior
chamber. However, to date there is no study to verify this hypothesis.

Pentacam is a Scheimpflug-based imaging device for anterior segment structures including the cornea, anterior
chamber, and lens. Using a rotating Scheimpflug camera, the device is capable of capturing 50 rotational
images of the cross-sections of the anterior segment within 2 seconds. Based on the measurements,
parameters of the anterior and posterior corneas and the anterior chamber are generated by a built-in software.
Pentacam has been commonly used to measure both the anterior and posterior corneas due to the good
repeatability and reproducibility.® Simultaneous measurement of both the anterior and posterior corneal
surfaces makes Pentacam an ideal device to study the correlations between the two corneal surfaces.

In the present study, we aim to investigate the anterior-posterior correlations of the corneal parameters
according to different refractive status and anterior segment dimension in a large number of Chinese myopic
patients from multiple ophthalmic centers.
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Results

A total of 8365 patients (8365 eyes) were recruited from five ophthalmic centers, including 2460 eyes from
Guangzhou Aier Eye Hospital (GZ), 2435 eyes from Shenyang Aier Eye Hospital (SY), 1586 eyes from Chengdu
Aier Eye Hospital (CD), 1556 eyes from Wuhan Aier Eye Hospital (WH), and 328 eyes from Hankou Aier Eye
Hospital (HK). Mean age of the patients was 25.1+5.4 years. Mean SE of the eyes was -5.13+2.05 D. There were
significant differences in age, gender and spherical equivalent (SE) among patients from different ophthalmic
centers (all P<0.001). Demographics and corneal parameters of the eyes in the five ophthalmic centers are
shown in Table 1.

Correlations of the anterior and posterior mean corneal curvature (Km) were significantly negative with similar R
values (-0.85 t0 -0.88) in all the myopic groups (Figure 1A). On the contrary, correlations between the ACA and
posterior corneal astigmatism (PCA) were significantly positive with slightly increased R values (0.65 to 0.75)
from the low myopia (LM) group to the extremely high myopia (EHM) group (Figure 1B). The eccentricity of
anterior and posterior corneal surfaces was also correlated positively in all the myopic groups, while the LM,
moderate myopia (MM) and high myopia (HM) groups presented slightly greater R values (0.36 to 0.38) than
the EHM group (0.27) (Figure 1C), and similar findings were observed in the asphericity of the anterior and
posterior corneal surfaces (Figure 1D).

Correlations between the anterior and posterior Km were significantly negative in every quantile group (Q1-Q4),
with lower R values observed in group Q1 (-0.63) and Q4 (-0.64) than in group of Q2 (-0.36) and Q3 (-0.37)
SimKm (Figure 2A, Figure 3A), and with similar R values in quantile groups of pachy apex (PA, -0.90 to -0.91),
corneal volume (CV, -0.90 to -0.91), anterior chamber height (ACH, -0.88 to -0.89), anterior chamber volume (ACV,
-0.87 t0 -0.88), and white-to-white diameter (WTW, -0.84 to -0.85) (Figure 2A, Figure 3B-F).

Significant positive correlations between the ACA and PCA were observed in all the quantile groups, with the R
values slightly increased with quantile levels of SimKm (0.66 to 0.74) (Figure 2B, Figure 4A), and with similar R
values in different quantile groups of PA (0.69 to 0.71), CV (0.68 to 0.72), ACH (0.70 to 0.72), ACV (0.69 to 0.71)
and WTW (0.69 to 0.72) (Figure 2B, Figure 4B-F).

Significant positive correlations were observed between the anterior and posterior corneal eccentricity in all the
quantile groups, with the R values slightly increased with quantile levels of SimKm (0.31 to 0.43), but slightly
increased with quantile levels of PA (0.44 to 0.32) and CV (0.43 to 0.30) (Figure 2C, Figure 5A-C). The R values
were similar across the quantile levels of ACH (0.31 to 0.38), ACV (0.32 to 0.36) and WTW (0.34 to 0.37) (Figure
2C, Figure 5D-F).

Positive correlations were also observed between the anterior and posterior corneal asphericity in all the
quantile groups. The R values were increased slightly increased with quantile levels of SimKm (0.34 to 0.45),
but slightly increased with quantile levels of PA (0.45 to 0.36) and CV (0.44 to 0.34) (Figure 2D, Figure 6A-C).
Similar with the correlations of eccentricity, the R values for asphericity correlation were similar across the
quantile levels of ACH (0.33 to 0.40), ACV (0.33 to 0.39) and WTW (0.36 to 0.40) (Figure 2D, Figure 6D-F).

Discussion
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In the present multicenter study, we demonstrated the correlations between the anterior and posterior corneal
surfaces according to different refractive status and anterior segment dimension in a large number of Chinese
myopic patients from different parts of mainland China (GZ from the south, SY from the northeast, CD from the
southwest, WH and HK from the central). Using the pooled data of the five cohorts with diversity in age, sex and
SE, negative correlations were observed between the anterior and posterior Km while positive correlations were
observed between the ACA and PCA, between anterior and posterior eccentricity, asl well as between anterior
and posterior asphericity. The results were consistent with some previous studies.>® We also found that R
values of the anterior-posterior corneal correlations varied in different quantile groups of myopia and some
corneal parameters (ie, SimKm, PA and CV), but not affected by the quantile levels of WTW and anterior
chamber parameters (ie, ACH and ACV).

Assessment of the corneal curvature plays an important role in refractive surgery planning, intraocular lens
power calculation and early diagnosis of keratoconus 811-13. In traditional keratometry, the cornea is assumed
to have a fixed ratio between the anterior and poster corneal curvature, and the anterior corneal curvature is
used to calculate the total corneal curvature. With recognition on the changes of anterior and posterior corneal
curvature correlations, the ratio between the anterior and posterior curvature radii were adopted to evaluate the
risk of hyperopia shift after corneal surgery.'* In the present study, the correlations between the anterior and
posterior Km were similar in different myopic groups and quantile groups of PA, CV, ACH, ACV and WTW
(Figures 1A, 2A and 3B-F). However, greater R values between the anterior and posterior Km were observed in
group Q2 and Q3 than in group Q1 and Q4 of SimKm (Figures 2A and 3A). This finding suggests that the
correlations between the anterior and posterior Km are different in corneal with different refractive power, and
that measuring both the anterior and posterior corneal curvatures is needed to obtain an accurate total corneal
curvature. In the present study, the strength of the correlations between the anterior and posterior Km was
strong, with R values of at least -0.85 in all the myopia groups. This result was consistent with a previous study
in which the R value was -0.94 for normal eyes and -0.85 for subclinical keratoconus, but the R value was
decreased in eyes with confirmed keratoconus®. Our result also indicated that the increase of myopia severity
didn't result in reduced correlation strength between the anterior and posterior corneal curvatures.

Management of PCA during astigmatism correction has become a hot topic in cataract and refractive surgery,
and many efforts have been made to predict the PCA using ACA.2"° However, PCA prediction based on ACA
alone is not accurate enough.® In the present study, the R values for the correlation between ACA and PCA were
increased from 0.65 in the LM group to 0.75 in the EHM group, indicating a stronger ACA-PCA correlation in
eyes with higher severity of myopia. The R values of ACA-PCA correlation were also slightly increased with
quantile levels of SimKm (0.66 to 0.74). These findings indicate that the ACA-PCA correlation is affected by
multiple factors and the integration of various anterior segment parameters is needed to make a more accurate
PCA prediction.” Moreover, the moderate ACA-PCA correlations may be due to the greater hereditability of the
posterior corneal surface compared to the anterior corneal surface '®'7. Surprisingly, the strength of ACA-PCA
correlation seems to be higher in keratoconus eyes compared to normal eyes, although controversy still
remains.>” This may be due to the unsynchronized changes of the ACA and PCA during the development of
keratoconus, and the tendency towards a better alignment of the PCA to the ACA in keratoconus eyes.618
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In the present study, there were weak correlations (R: 0.29 to 0.45) between the anterior and posterior corneal
asphericity in all the quantile groups. These findings were different from previous studies where poor anterior-
posterior corneal asphericity correlations in normal eyes’® and good correlations in keratoconus eyes were
observed.’? It was shown that the R values for the anterior-posterior corneal asphericity correlations in normal
eyes were 0.03-0.04 and 0.17 in the previous studies.’® On the contrary, the R values of the correlations were
0.62-0.89 and 0.86-0.94 in keratoconus eyes."? These findings together suggest that in terms of the anterior-
posterior corneal asphericity correlation, myopic eyes are in between the normal eyes and keratoconus eyes.
The roles of anterior-posterior corneal asphericity correlations in corneal ectasia warrants further investigation.
Like the ACA-PCA correlations, the anterior-posterior corneal asphericity correlations are also affected by
multiple factors such as myopia severity, SimKm, PA, and CV, suggesting complex interactions between the
anterior-posterior corneal shapes and other anterior segment parameters.

In the present study, the R values for anterior-posterior correlations of corneal astigmatism, eccentricity and
asphericity were increased with higher quantile levels of SimKm, but the R values for anterior-posterior
correlations of corneal eccentricity and asphericity were decreased with higher quantile levels of PA and CV.
These findings suggest that different the corneal parameters have different effects on the anterior-posterior
corneal correlations. Further studies are required to investigate the mechanisms of each corneal parameter
affecting the anterior-posterior correlations of corneal shapes.

Our study has some limitations. Firstly, the conclusions of our study can only be applied to myopic patients
from the same age group. In older patients, the anterior-posterior corneal correlations may be different. Factors
affecting these correlations may also be different in older patients. Secondly, the exact mechanisms underlying
the anterior-posterior corneal correlations remain a mystery to us, although some affecting factors are identified
in the present study. Thirdly, we didn't compare the anterior-posterior corneal correlations using data obtained
from different imaging devices. Thus, we are unable to know whether our results can be used interchangeably
with those obtained from other devices. Lastly, due to the cross-sectional design of the study we did not
investigate the changes of anterior-posterior corneal correlations after corneal refractive surgery. Further studies
are needed to address this issue.

In conclusion, the present study has demonstrated that the anterior-posterior correlations of corneal curvature,
astigmatism, eccentricity and asphericity can be affected by the severity of myopia and some other corneal
parameters.

Methods

Participants

This is a multicenter study involving five ophthalmic centers, including GZ (113.2 E 23.1 N, altitude 43.4m), SY
(123.4 E 41.8 N, altitude 51.0m), CD (104.0 E 30.7 N, altitude 505.9m), WH (114.2 E 30.4 N, altitude 23.3m), and
HK (114.1 E 30.4 N, altitude 27.6m)."® The study has been approved by the Institutional Review Board (IRB) of
Guangzhou Aier Eye Hospital, and is in agreement with the Declaration of Helsinki. Inclusion criteria and
exclusion criteria were described previously.'® We only included the right eye from each patient for analysis.
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Because we only reviewed the patients’ medical records, and no individual patient could be identified from the
data, informed consent was waived by the IRB."°

Examinations

The examinations were previously described.’® All the eyes underwent routine preoperative examinations
including best-corrected visual acuity (BCVA), intraocular pressure (IOP), cycloplegic and manifest refraction,
anterior segment examination by slit-lamp, corneal topography and tomography measurements. The eyes were
divided into four groups according to the manifest SE: LM (-3.00 D<SE<-0.50 D), MM (-6.00 D<SE<-3.00 D),
HM (-10.00 D<SE<-6.00 D) and EHM (SE<-10.00 D).

Pentacam examination was performed by experienced technicians. Operating of the Pentacam instrument
(Pentacam HR, Oculus GmbH, Wetzlar, Germany) was described previously.’® Only scans covering at least
central 8.0 mm of corneal surface with the image quality labelled as ‘OK’ on the display were accepted. The
anterior and posterior corneal radius in the flattest and steepest meridians in the 3.0 mm central zone,
eccentricity and asphericity of the anterior and posterior cornea, PA, CV in the 3.0 mm diameter area, WTW, ACH,
and ACV were generated by the Pentacam instrument. The SimKm, ACA and PCA in the 3.0 mm central zone
were calculated as previously described.2® Pentacam data of the eyes were retrieved from the machine and only
results with image quality labelled with ‘OK’ were included.’®

Statistical Analysis

The data from the five ophthalmic centers were pooled together for analysis. A Kolmogorov-Smirnov (KS) test
was used to evaluate normality of all variables. Data of patient demographics were presented as mean
standard deviation (SD). Spearman correlation test was used for anterior-posterior correlation of mean corneal
curvature, corneal astigmatism, corneal eccentricity and corneal asphericity, according to different myopic
groups and the quantile groups of the corneal and anterior chamber parameters (SimKm, PA, CV, WTW, ACH and
ACV)). P<0.05 was considered as statistically significant.
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Tables
Table1. Demographics of the patients in the five ophthalmic centers.
Demographics  Ophthalmic center P
Value*
GZ sY CD WH HK Pooled
Number 2460 2435 1586 1556 328 8365 -
Age (years)
MeantSD 269154  23.915.1 24.2+5.5 25.415.0 23.914.8 25.1+54 <0.001
Range 18-40 18-40 18-40 18-40 18-38 18-40 -
Gender
Female (n, %) 1325 887 612 770 118 3712 <0.001
(53.9%)  (36.4%) (38.6%) (49.5%) (36.0%) (44.4%)
Male (n, %) 1135 1548 974 786 210 4653 <0.001
(46.1%) (63.6%) (61.4%) (50.5%) (64.0%) (55.6%)
SE (D)
MeantSD -5.1842.2 -4.84+1.70 -5.26%£2.23 -528+1.92 -5.64+2.64 -513+2.05 <0.001
Range -22.50t0  -11.25to -26.25 to -20.38 to -22.00to- -26.25t0 -
-0.63 -0.75 -1.00 -0.50 0.63 -0.50

*Comparison among the five ophthalmic centers using Kruskal-Wallis test; SD, standard deviation; SE, spherical
equivalent; D, diopter; GZ, Guangzhou Aier Eye Hospital; SY, Shenyang Aier Eye Hospital; CD, Chengdu Aier Eye
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Hospital; WH, Wuhan Aier Eye Hospital; HK, Hankou Aier Eye Hospital.
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