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Purpose: Among patients with angle-closure glaucoma, it is common to have a short-axial eye, which also makes it difficult to select
an appropriate intraocular lens. Previous studies have focused on the ocular biometry of the long-axial eye, whereas only a few reports
have focused on the short-axial eye. This study aimed to clarify the characteristics of the short-axial eye on ocular biometry among the
elderly Japanese.

Patients and Methods: This retrospective cross-sectional study included 142 patients who consulted at our hospital. The ocular
axial length (AL), central corneal thickness (CCT), average anterior corneal radius of curvature (CR), white-to-white (WTW), anterior
chamber depth (ACD), and lens thickness (LT) were measured using OA-2000. The short-axial and normal-axial groups (short-axial
[SA] and normal-axial [NA] groups) included those with an AL less than 22.5 mm and ranging from 22.5-26.5 mm, respectively.
Comparisons between groups were analyzed using the Wilcoxon rank sum test. Spearman’s rank correlation coefficient tests and
multiple regression analyses were performed for all parameters overall and per group.

Results: The parameters that were significantly different between the SA and NA groups were CR, WTW, and ACD (all P < 0.0001).
In the SA group (42 patients), only ACD was significantly correlated with AL (r=0.33, P =0.031). On multiple regression analysis for
the SA group, none of the parameters had a significant effect on AL (all P > 0.05).

Conclusion: In the SA group, ACD was the only factor that positively correlated with AL; it was significantly shallower than in the
NA group. Thus, in the SA eye, it is clinically important to be aware of ACD.

Keywords: preoperative cataract patients, swept-source optical coherence tomography, ocular axial length, ocular parameters, angle-
closure glaucoma

Introduction
Ocular axial length (AL) is one of the representative measurement items in ocular biometry. Recently, the OA-2000
(TOMEY Corporation, Nagoya, Japan) has been used to simultaneously measure various parameters including AL,
central corneal thickness (CCT), average anterior corneal radius of curvature (CR), transverse corneal diameter/white-to-
white (WTW), anterior chamber depth (ACD), and lens thickness (LT) with the swept-source optical coherence
tomography (SS-OCT) method in a short time. We have previously reported changes in parameters due to increasing
AL in elderly Japanese using the OA-2000." We found that, as AL increased, LT tended to be thinner and CR, WTW, and
ACD increased, with no association with CCT.

AL is clinically related to myopia in the long-axial (LA) eye,> as well as microphthalmos or nanophthalmos in the
short-axial (SA) eye.* The LA eye is associated with eye diseases, increasing the risk of retinal detachment, subretinal
neovascularization, and glaucoma.”>> The shallow ACD associated with AL is thought to be one reason for cases of
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angle-closure glaucoma seen in the SA eye.®® However, there have been no reports of a detailed analysis of AL and
various parameters focused on the SA eye.

No previous study has reported an evidence-based definition of the SA eye. Hoffmann et al’ defined the SA eye as
those with AL < 21.63 mm, which was the lowest 5% of all eyes. Meanwhile, other studies defining the SA eye as AL <
22 mm have reported that the accuracy of the intraocular lens (IOL) formula is lower in the SA eye.'®'? Only a few
studies have reported on this topic, possibly due to the lack of a single definition and a clear rationale for evaluating the
SA eye. This study aimed to investigate the characteristics of the SA eye by comprehensively measuring various
parameters with OA-2000 among preoperative Japanese cataract patients, as well as examined the relationship between
AL and various parameters.

Material and Methods
Study Subjects

This was a retrospective cross-sectional review at our hospital. The subjects included 142 outpatients (142 eyes) from
April 1, 2020 to March 31, 2023, who had their AL measured using the OA-2000 prior to cataract surgery. In this study,
SA was defined by an AL of less than 22.5 mm; retrospectively, 42 eyes were classified under the SA group. Conversely,
the normal-axial (NA) group included patients with an AL of 22.5 mm to less than 26.5 mm. A list of patients who met
the criteria during the study period was compiled, and 100 eyes without missing values were randomly selected from the
list. Therefore, eyes with an AL greater than 26.5 mm were excluded in advance. We show a flowchart of patient
selection in Figure 1.

Measurements

The ocular biometry parameters included AL, CCT, CR, WTW, ACD, and LT. Measurements were taken without
mydriasis, completely automatic, and no manual correction was made; the analysis included only patients for whom all
these parameters could be measured completely automatically. For each person, only one eye was included in the
analysis. If both eyes could be measured, the longer eye was included in order to exclude morbidity due to the SA eye.

Adoption was conditional on achieving a signal-to-noise ratio (SNR) > 2.1."3

Statistical Analyses

A nonparametric test (Wilcoxon rank sum test) was used to examine significant differences in the parameters between the
SA and NA groups. Since we could not gather enough patients for the SA group, we conducted a post-hoc power analysis
to confirm the adequacy of the sample size. Correlation analyses were performed using Spearman’s rank correlation
coefficient test in a round-robin manner for the overall, SA and NA groups. To investigate the effect of each parameter on
AL, multiple regression analyses were conducted overall and for each group using AL as the objective variable and each
parameter, gender, and age as explanatory variables. Gender and age were included as explanatory variables because

relationships have been observed between these two variables and AL.%'*!

Cataract patients who underwent surgery
from April 1, 2020 to March 31, 2023

N =2,397
Inclusion criteria: the NA group
Inclusion criteria: the SA group —List of patients with an AL of 22.5 mm
—Patients with an AL of less than —; [+ to less than 26.5 mm
22.5 mm and no missing values —Random selection of 100 eyes without
missing values from the list

The SA group The NA group
N =42 N =100

Figure | Study flowchart of patient selection.
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Statistical analyses were conducted using JMP Pro version 17 (SAS Institute Inc., Cary, NC, USA), with statistical
significance set at p < 0.05. This research adhered to the principles of the Declaration of Helsinki and received approval
from the Saitama Medical University Ethics Committee (approval number: sou2023-115). Consent was acquired through
an opt-out format. The Ethics Committee at Saitama Medical University deemed informed consent unnecessary given the
retrospective nature of the study. The study took measures to guarantee the confidentiality of personal information for
each participant, ensuring that it remained secure and was not disclosed to third parties.

Results
Characteristics of the SA Group

Table 1 shows the average values of the parameters. The percentage of females in the SA group was 83.3% (35 out of 42
eyes). There was an association between having an SA eye and being female (Pearson’s chi-squared test: P = 0.0002).

Comparison of Parameters Between SA and NA Groups

Table 1 shows the results of the two-group comparisons for each parameter. Age (P = 0.0073), CR (P <0.0001), WTW (P
< 0.0001), and ACD (P < 0.0001) were significantly different between groups. CCT (P = 0.69) and LT (P = 0.098) were
similar between both groups. However, in the post-hoc power analysis, we did not achieve sufficient power for age, CCT
and LT.

Correlation Analyses in SA and NA Groups

Table 2 summarizes the results of correlation analyses by group. In the overall cohort, AL was significantly correlated
with age (r = —0.26, P = 0.0018), CR (r = 0.53, P < 0.0001), WTW (r = 0.39, P < 0.0001), ACD (r = 0.63, P < 0.0001),
and LT (r = —0.27, P = 0.0013), but not with CCT (P = 0.51). In the SA group, only ACD (r = 0.33, P = 0.031) was
significantly correlated with AL. In the NA group, AL was significantly correlated with CR (r = 0.26, P = 0.0083), WTW
(r=0.26, P =0.0091), ACD (r = 0.55, P < 0.0001), and LT (r = —0.27, P = 0.0057), but not with CCT (P = 0.38). The
parameters that were correlated with the overall and NA groups were the same except for age.

Table | Mean Values for Each Parameter and Comparison Between Two Groups

Overall cohort (n = 142, 85 females, 57 males) Age (years) AL (mm) CCT (um) CR (mm) WTW (mm) ACD (mm) LT (mm)
Average * SD 72.70 £ 11.32 2348 + 1.24 523.32 + 32.90 7.53 + 024 11.52 + 0.55 2.94 + 043 4.74 + 0.50
Max 92 26.49 602 8.09 12.88 3.98 5.86
Min 23 20.71 444 6.95 10.00 2.19 3.18
CV (Coefficient of Variation) 15.57 5.26 6.29 324 4.75 14.55 10.55

SA group (AL < 22.5 mm, n = 42, 35 females, 7 males)

Average *+ SD 76.12 £ 9.06 22.17 £ 0.33 521.31 + 36.38 7.34+0.18 11.25 + 0.55 2.66 + 0.39 4.83 + 0.55
Max 88 22.48 593 7.86 12.81 3.98 5.86
Min 48 20.71 444 6.95 10.13 220 3.18
CV (Coefficient of Variation) 11.91 1.49 6.98 2.52 4.87 14.49 11.43

NA group (AL =2 22.5 mm and < 26.5 mm, n = 100, 50 females, 50 males)

Average = SD 71.26 £ 11.89 24.04 £ 1.04 524.17 + 31.48 7.61 £0.22 11.63 £ 051 3.06 £0.39 4.70 £ 047
Max 92 26.49 602 8.09 12.88 3.88 5.78
Min 23 2251 451 6.95 10.00 2.19 342
CV (Coefficient of Variation) 16.69 433 6.01 2.90 4.36 12.75 10.09

Wilcoxon rank sum test (between the SA and NA groups)

P value 0.0073%* < 0.0001* 0.69 < 0.0001* < 0.0001* < 0.0001* 0.098
Post-hoc power analysis (%) 56.28 100 5.00 100 97.34 99.97 15.91

Notes: Values with “*” represent statistical significance.
Abbreviations: AL, ocular axial length; CCT, central corneal thickness; CR, average anterior corneal radius of curvature; WTW, white-to-white; ACD, anterior chamber
depth; LT, lens thickness; SA, short-axial; NA, normal-axial.

Clinical Ophthalmology 2025:19 heeps: 189



061

:sdyyy

61:570T ASojowreyaydo [eauD

Table 2 Correlation Coefficients for Each Parameter by Group

Parameters

Group

Age (years)

AL (mm)

CCT (um)

CR (mm)

WTW (mm)

ACD (mm)

AL

CCT

CR

WTW

ACD

LT

Overall
SA
NA
Overall
SA
NA
Overall
SA
NA
Overall
SA
NA
Overall
SA
NA
Overall
SA
NA

r =-0.26, P = 0.0018*%
r=-0.16, P =0.32
r=-0.15P=0.15
r =-0.071, P = 0.40
r=-023,P=0.15
r=-0017,P=0.87
r=-0.18, P = 0.035*
r=-0.13, P =040
r=-0.019, P=0.85
r=-0.18, P = 0.030*
r=-0.13, P =042
r =-0.079, P = 0.44
r=-0.26, P = 0.0017*
r=-0.16, P =0.3I
r=-0.18, P =0.072
r = 0.24, P = 0.0048*
r=0.10,P=0.5I
r =0.25,P=0.012*

r =0.056, P =05l
r=-0.10, P =0.53
r =0.089, P = 0.38
r =0.53, P <0.0001*
r =-0.091, P =0.57
r =0.26, P = 0.0083*
r =0.39, P < 0.0001*
r =0.083, P = 0.60
r =0.26, P = 0.0091*
r=0.63, P < 0.0001*
r =033 P=0031%*
r =0.55, P < 0.0001*
r=-0.27, P = 0.0013*
r=-024,P=0.13
r =—0.27, P = 0.0057*

r=0.15 P =0.074
r=0.20, P = 0.20
r=0.15P=0.14
r =-0.19, P = 0.020*
r=-021,P=0.18
r=-0.21, P = 0.037*
r=0.024, P = 0.78
r=-0.11, P=0.5I
r=0.013, P=0.90
r=-0014,P=0.87
r =0.041, P = 0.80
r=-0.033,P=0.75

r = 0.47, P < 0.0001*
r=0.27, P = 0.083
r =0.39, P < 0.0001*
r =0.22, P = 0.0095*
r =-0.28, P = 0.069
r =0.025, P = 0.81
r=0.015 P =086
r=0.14, P=0.38
r=0.083, P = 04]

r = 0.25, P = 0.0026*
r =-0.036, P = 0.82
r=20.17, P = 0.093
r =-0.071, P = 0.40
r=0.13, P =040
r =-0.079, P = 0.44

r = —0.66, P < 0.0001*
r =-0.73, P < 0.0001*
r =-0.67, P < 0.0001*

Notes: Values with “*’ represent statistical significance.

Abbreviations: AL, ocular axial length; CCT, central corneal thickness; CR, average anterior corneal radius of curvature; WTW, white-to-white; ACD, anterior chamber depth; LT, lens thickness; SA, short-axial; NA, normal-axial.
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Multiple Regression Analyses

Table 3 shows the results of multiple regression analyses, with AL as the objective variable and each parameter, gender, and
age as explanatory variables. Gender and age had no effect on AL in any of the multiple regression analyses (all P > 0.05). The
overall multiple regression analysis showed that CCT and WTW did not affect AL (CCT, P =0.68; WTW, P =0.46). Multiple
regression analysis of the SA group revealed that none of the parameters had any effect on AL (all P > 0.05) and that the
regression equation was not valid (P = 0.90). Multiple regression analysis of the NA group revealed that only ACD affected
AL (P <0.0001). The adjusted coefficient of determination was higher for the overall cohort (adjusted R2=0.51, P <0.0001)
compared to the NA group (adjusted R? = 0.32, P < 0.0001). Figure 2 represents the actual AL versus predicted AL plot
derived from multiple regression analyses for each group. In Figure 2A, a linear relationship was observed between the actual
AL and predicted AL values in the overall cohort. In contrast, Figure 2B showed no linear relationship for the SA group. In
Figure 2C, the NA group showed a weaker linear relationship compared to the overall cohort.

Discussion

The novelty of this study lies in defining and characterizing the SA eye in the elderly Japanese. Hoffmann et al’ defined
the SA eye as those with AL < 21.63 mm; only three cases met this criterion in the present study. However, when
determining IOL power, the SA eye is often defined in those with AL <22 mm,'®'? but only nine cases met this criterion
in our study Figure 3. In addition, since Japanese are thought to have a higher prevalence of myopia and longer AL than
Westerners,” we considered it necessary to develop criteria specific to Japanese for the SA eye. Therefore, we defined
the SA group as those with AL < 22.5 mm in this study. Meanwhile, domestic studies use AL > 26.5 mm as a cutoff for
LA eye,”*? but no reports have explained the rationales behind this. Nevertheless, we decided to define the NA group in
this study as those with AL < 26.5 mm.

Notably, there were significantly more females in the SA group, which is consistent with previous reports claiming
that males have longer ALs than females.”'*>> Furthermore, the SA group was significantly older than the NA group.
This finding may be associated with previous studies indicating that AL tends to decrease with age.'¢'2!23:29:31
Additionally, the present study revealed that those with the NA eye tend to undergo cataract surgery at a younger age
compared to those with the SA eye. This finding suggests that longer ALs may contribute to the earlier onset of
cataracts.”” However, it should be noted that the post-hoc power analysis regarding age had insufficient power.

In the SA group, only ACD showed a correlation with AL. Many positive correlations between AL and ACD have
been reported in the past, although those previous studies did not explicitly focus on the SA eye.!:*!4724267303435 ACp
was significantly different between the SA and NA groups in our study, indicating that the SA group had a significantly
smaller ACD than the NA group. In contrast, Hoffmann et al’ found no significant correlation between AL and ACD in
the SA eye. Therefore, ACD tends to become shallower as the AL becomes shorter, but this may be different if we used
the same definition of SA as Hoffmann et al’ did. The significant positive correlation between AL and ACD in all groups
suggests that these parameters are sensitive to each other.

Many may believe that angle-closure glaucoma occurs because the ACD is shallow in the SA eye. Indeed, the SA eye
and shallow ACD are predictors of angle-closure glaucoma,®® but ACD does not directly cause this. Nongpiur et al*®
reported that angle-closure eyes had significantly thicker LT (P = 0.01) and shallower ACD (P < 0.001) but with no
significant difference in lens position (P = 0.34). Additionally, neither LT (odds ratio = 1.78) nor lens position (odds ratio
= 1.94) were associated with the angle-closure eye on multivariate analysis. Instead, they found that the angle-closure eye
has a thicker lens with a greater lens vault (LV, perpendicular distance from horizontal line joining the two scleral spurs
to the anterior pole of the lens; odds ratio = 48.1). LV was found to be a new parameter associated with the angle-closure
eye. Similarly, the Singapore Chinese Eye Study®’ reported that LV was responsible for the decline in ACD. Thus, to
elucidate the mechanism of the angle-closure glaucoma, it may be necessary to consider LV. However, since OA-2000
cannot measure LV, it must be measured separately using an anterior OCT or a similar tool.

CCT had no significant correlation with AL in all correlation analyses, which is in line with the findings of other
previous studies.'**?373% Other studies have reported significant positive correlations between AL and CCT, but the
correlation coefficient was low.?” >%4%4! Nevertheless, none of those previous studies focused on the SA eye specifically.
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Table 3 Multiple Regression Analyses by Group

Explanatory

Overall (P < 0.0001%)

SA group (P = 0.90)

NA group (P < 0.0001%)

Variable Regression Coefficient P value Adjusted Regression Coefficient P value Adjusted | Regression Coefficient P value Adjusted
(95% CI) R? (95% Cl) R? (95% CI) R?

Intercept 2.02 (—3.75-7.80) 0.49 0.51 20.19 (13.91-26.46) < 0.0001* —0.12 7.34 (—0.27-14.95) 0.059 0.32

Gender (female) —0.14 (-0.29-0.024) 0.095 0.085 (—0.088-0.26) 0.33 —0.12 (-0.30-0.053) 0.17

Age —0.0054 (—0.019-0.0086) 0.45 0.000069 (—0.015-0.015) 0.99 —0.0042 (—-0.020-0.011) 0.59

CCT 0.00099 (—0.0037-0.0057) 0.68 0.000043 (—0.0034-0.0035) 0.98 0.0028(—0.0030-0.0087) 0.33

CR 1.65 (0.94-2.36) < 0.0001* 0.15 (-0.53-0.84) 0.65 0.85 (-0.035-1.74) 0.060

WTW 0.12 (-0.20-0.44) 0.46 0.060 (—0.19-0.31) 0.64 0.19 (-0.21-0.59) 0.35

ACD 1.73 (1.22-2.24) < 0.0001* 0.13 (-0.40-0.67) 0.62 1.57 (0.96-2.17) < 0.0001*

LT 0.52 (0.10-0.95) 0.015* —0.054 (—0.40-0.30) 0.75 0.43 (—0.087-0.95) 0.10

Notes: All analyses use AL as the objective variable and each parameter, gender, and age as explanatory variables. 95% Cl means 95% confidence interval. Values with “*” represent statistical significance.

Abbreviations: AL, ocular axial length; CCT, central corneal thickness; CR, average anterior corneal radius of curvature; WTW, white-to-white; ACD, anterior chamber depth; LT, lens thickness; SA, short-axial; NA, normal-axial.
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Actual by Predicted Plot (Overall cohort)
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Figure 3 Distribution of the overall AL.

There was also no statistically significant difference between the SA and NA groups in our study. This suggests that CCT
may not be significantly affected by AL. However, it is important to note that we did not have sufficient power in the

post-hoc power analysis.
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Both CR and WTW had significant positive correlations with AL in the correlation analyses overall and for the NA
group. Previous reports have identified weak positive correlations between AL and CR"!7-283449 and between AL and
WTW,!9-16:18:20.22.23.262830 14t none of these focused on the SA eye. In the present study, the SA group had significantly
smaller CR and WTW than the NA group. Furthermore, due to the significant positive correlation between CR and WTW
(r = 0.47) in the overall cohort, it is generally assumed that WTW shrinks as CR shrinks and the corneal shape becomes
steeper.”’>* Conversely, in the SA group, neither CR nor WTW were correlated with AL. In line with this, Hoffmann
et al® also reported that there was no correlation between AL and WTW in the SA eye. Meanwhile, Wei et al*? reported
positive or negative correlations between AL and WTW depending on the value of AL (AL < 22 mm; r = —0.228, AL
22-24.5 mm; r = 0.323; AL 24.5-26 mm; r = —0.055). Thus, the results may not be consistent because of the different
ranges of ALs used in each study.

1.14,15.20.23.28.30 1yt these studies were not focused on the SA

There are many reports of LT thinning as AL elongates,
eye. In our study, there was a slight significant negative correlation between AL and LT in the overall and NA group but
no correlation in the SA group. This indicates that LT thickens as AL shortens in the NA group, but there is a limit
beyond a certain point that prevents thickening of the lens. This is further supported by the fact that there was no
statistically significant difference between LT in the SA and NA groups. However, it is crucial to acknowledge that the
post-hoc power analysis did not yield sufficient power. Meng et al** reported that LT tended to decrease with increasing
AL in normal eyes (r = —0.166, P <0.001), but it conversely increased in short eyes (r = 0.076, P = 0.004), indicating that
there is a point at which the trend of lens thickness changes between the SA and NA eyes.

Since no high correlation coefficients were observed in the correlation analyses (Table 2), we conducted multiple
regression analyses without excluding any variables. On overall multiple regression analysis, CR, ACD, and LT were
identified as significant coefficients for predicting AL. Other reports have conducted a multiple regression analysis*® or

multivariate analyses®’~®

with AL as the objective variable, but the parameters overlapping with this study were
different. Compared to our previous report' (adjusted R* = 0.34), the present study had a higher adjusted coefficient
of determination (adjusted R? = 0.51). Although gender and age were included as explanatory variables in the model,
excluding them did not substantially change the adjusted coefficient of determination (adjusted R? = 0.50). The longer the
AL, the more difficult it was to predict the AL using the parameters. The shape of LA eyes could differ greatly from that
of NA eyes. The lack of AL prediction and linear relationship Figure 2B in the SA group might suggest certain properties
that make it unique. In addition, the weak linearity observed in the NA group Figure 2C, which improved in the overall
cohort Figure 2A, could suggest the need to interpret AL in the context of both the NA and SA groups collectively.

These results have several clinical implications. For instance, some factors should be considered during cataract
surgeries in the SA eye. As the AL shortens, the WTW and ACD, respectively, become smaller and shallower, thus
narrowing the anterior chamber space. The increased proximity of critical structures, such as the corneal endothelium and
iris, demands heightened intra-operative precision. Thus, extra care should be made to handle surgical instruments
meticulously, avoiding any contact or damage to these delicate structures during insertion and manipulation within the
anterior chamber. Highlighting these anatomical and surgical considerations is crucial for improving outcomes in patients
with the SA eye. Additionally, studies of the SA eye may help determine the IOL power. The IOL formulas for predicting
postoperative cataract refraction vary based on AL.'*'"** Although a meta-analysis of IOL formulas was conducted in
recent years, it was difficult to select statistically superior IOL formulas for the SA eye.*> However, a meta-analysis by
Luo et al'? suggests that a new generation of IOL formulas based on artificial intelligence or ray-tracking principles are
more accurate in the SA eye. Although artificial intelligence is largely a black box, considering in various factors in the
SA eye that have been poorly studied may help accurately predict postoperative refraction. Hence, as in the present study,
comparing with the NA eye or considering the SA eye within the context of the NA eye as a whole could be useful for
selecting the optimal power of intraocular lenses.

This study has some limitations that must be discussed. First, this study used objective results derived from a single
machine, and did not account for physical measurements (eg, height, weight, and refractive power) and other demo-
graphic data (eg, educational background, social environment, and reading frequency) as in previous studies.'”*'**® In
addition, our hospital has a large number of difficult cataract cases, and thus selection bias could have been present in the
cases collected. In particular, there were fewer cases of SA eye compared to LA eye, and it took a long time to collect
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cases. In addition, post-hoc power analyses revealed that the power for age, CCT, and LT was inadequate. This indicates
the necessity of collecting larger sample sizes in future studies. Another limitation is that we selected AL cutoffs for the
SA and NA groups without strong evidence; differences in the definition of the SA may have affected the results.
Hoffmann et al’ included cases of the SA eye in their study, but this cannot be simply compared due to possible racial
variations in the range of the SA eye. Future research to define the range of the SA eye in Japanese will be necessary to
validate our findings.

Conclusion

On multiple regression analysis among patients with SA eye, no parameters were associated with AL. However, ACD
was the only factor associated with AL in the SA group correlations and a two-group comparison with the NA group.
Therefore, it is clinically important to determine ACD in the SA eye.

Abbreviations

AL, ocular axial length; CCT, central corneal thickness; CR, average anterior corneal radius of curvature; WTW, white-to
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