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Purpose: This study evaluates the discrepancies between ACV measurements obtained from the Heidelberg Anterion and Zeiss 
IOLMaster 700 and investigates the significance of ACV and other ocular biometry parameters.
Patients and Methods: To investigate intraocular fluid circulation, a robust formula was developed for ACV measurement using the 
Zeiss IOLMaster 700. A pilot study was conducted to validate this formula, which relied on WTW, CCT, and ACD. The formula used 
was ACV = (RAC)^2 × (CCD) × 1.51. ACV measurements showed a median of 155.38 (IQR = 131.15–180.06) for the Heidelberg 
Anterion and 144.11 mm³ (IQR = 125.62–159.81) for the Zeiss IOLMaster 700. The intraclass correlation coefficient (ICC) for ACV 
was 0.908, indicating excellent agreement between devices.
Results: Intraocular fluid volume was significantly lower in eyes with PEXS compared to those without. Eyes with PEX had an ACV 
of 133 ± 28.3 mm³ versus 142 ± 30.7 mm³ in non-PEX eyes, a statistically significant difference (t (196) = −2.09, p = 0.038, d = 
−0.301). Significant differences were also observed in ACD and AL between PEX and non-PEX eyes, with PEX eyes showing reduced 
measurements.
Conclusion: Our findings reveal that age-related changes in ACD and ACV are significant, with the redefined formula showing 
excellent agreement with AS-OCT methods. Eyes with PEX exhibit reduced ACD, ACV, and AL measurements. Additionally, an 
accessible method for ACV measurement, not relying on Pentacam or AS-OCT, would be valuable, particularly in developing 
countries, to facilitate broader clinical research.

Plain Language Summary: Our study examines the differences in measuring aqueous humor volume in the eye using two devices, 
the Heidelberg Anterion and the Zeiss IOLMaster 700. Aqueous humor is the clear fluid in the front part of the eye, which circulates at 
a rate of 1.0% to 1.5% per minute. We refined a formula to calculate the volume of this fluid using the Zeiss IOLMaster 700, based on 
specific eye measurements. We found that the volume measurements from both devices were very similar, showing a strong 
agreement. The study also discovered that eyes with pseudoexfoliation syndrome (PEXS), a condition affecting the eye, had 
significantly lower fluid volume compared to eyes without the condition. This was also true for other eye measurements like anterior 
chamber depth (ACD) and axial length (AL). These findings are important because they show that simpler and more accessible 
methods for measuring fluid volume in the eye can be used effectively, especially in developing countries where advanced equipment 
may not be available. The study highlights the changes in eye measurements with age and how the new formula aligns well with 
existing methods. Overall, eyes with PEX show reduced measurements in various eye parameters. 
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Introduction
Aqueous humor is a transparent, watery fluid that occupies the anterior and posterior chambers of the eye.1 It serves to 
nourish the avascular structures, such as the lens and cornea, and is critical in maintaining intraocular pressure.2 This 
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fluid is produced by the ciliary body’s pigmented and non-pigmented epithelium, circulates through the pupil into the 
anterior chamber, and is predominantly drained via the trabecular meshwork and Schlemm’s canal, with a smaller 
fraction exiting through the uveoscleral outflow pathway.3 Aqueous humor formation involves three primary mechan-
isms: diffusion, ultrafiltration, and active secretion.4

Several pathologies relate to aqueous humor dynamics, including glaucoma,5 ocular hypertension,6 hypotony,7 

uveitis,8 angle-closure glaucoma,9 pseudoexfoliation syndrome,10 and neovascular glaucoma.11 Aqueous humor 
dynamics are measured through techniques such as tonometry, gonioscopy, pachymetry, aqueous humor outflow facility 
measurement, aqueous humor production rate estimation, and imaging modalities like optical coherence tomography 
(OCT) and ultrasound biomicroscopy.12

The turnover rate of aqueous humor within the anterior chamber is estimated to range from 1.0% to 1.5% per minute, 
corresponding to a measured flow rate of 2.4 ± 0.6 mm³/min, thereby inferring an anterior chamber volume (ACV) of 
approximately 160 to 240 mm³.13 The production and drainage rates of aqueous humor are not routinely measured in 
clinical practice due to their limited diagnostic utility.14 Significant nocturnal changes in aqueous humor dynamics in 
healthy mature humans include reductions in aqueous flow, outflow facility, and possibly uveoscleral outflow.15

Numerous methodologies have been proposed for calculating the ACV based on the dimensions obtained from 
photographically recorded optical sections of the eye.16–21 Although most of these methods were developed approxi-
mately 50 years ago, the advent of modern ophthalmological equipment necessitates a more straightforward approach to 
calculating the ACV.

Aqueous humor circulates from the posterior to the anterior segment of the eye, with its production and drainage 
extensively studied, though its volume has not been as thoroughly examined. While the ACV has not been directly linked 
to other ocular pathologies, the study of its metabolomics and composition can provide valuable insights into the various 
mechanisms operating within the eye.22

In our study, we evaluated the discrepancies between measurements obtained from the Heidelberg Anterion 
(Heidelberg Engineering, Germany) and the Zeiss IOLMaster 700 (Carl Zeiss AG, Germany). We also refined 
a formula for calculating intraocular fluid volume and conducted a pilot study to validate this formula. Additionally, 
we compared measurement differences between a control group and a cataract group. Subsequently, we investigated the 
significance of ACV and various ocular biometry parameters in relation to a spectrum of ocular comorbidities.

Materials and Methods
To thoroughly investigate intraocular fluid circulation in the eye, it was essential to develop a robust formula to aid our 
research. Although our hospital is equipped with a Heidelberg Anterion23 anterior segment OCT imaging device, 
utilizing this machine for ACV calculations would be time-consuming and ultimately impractical. Therefore, we opted 
to use the Zeiss IOLMaster 70024 for this analysis.

All data for our study were collected using the Zeiss IOLMaster 700, as it was already integrated into the routine 
examination process for patients undergoing cataract surgery who consented to participate in the study. Consequently, we 
first needed to establish a reliable method for obtaining ACV measurements using this machine, ensuring accurate and 
efficient data collection for our research.

During our endeavors, we conducted a pilot study to assess the sufficiency of our formula for analyzing ACV in the 
eye. This preliminary study included 30 participants, comprising both cataract patients and a younger control group. The 
study comprised 18 patients in the cataract group and 12 in the control group. The mean age of the cataract group was 
73.3 years (± 8.22), ranging from 57 to 88 years. In contrast, the control group had a mean age of 32.2 years (± 7.73), 
with ages ranging from 26 to 48 years. The objective was to determine if we could develop a reliable formula for ACV 
measurement using only white-to-white corneal diameter (WTW), central corneal thickness (CCT), and anterior chamber 
depth (ACD). The ACD, measured using the Heidelberg Anterion AS-OCT device, was defined as the distance from the 
central anterior corneal epithelium to the anterior surface of the crystalline lens capsule.25

To estimate the ACV using Zeiss IOLMaster 700 ocular biometry parameters, we conducted an extensive literature 
review to identify an appropriate formula. Our investigation included articles from the 1970s and 1980s that described 
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various optical methods for measuring ACV. We employed the empirical formula initially developed by Max Heim in 
194126 and later utilized by Tomlinson et al in 197427 and Johnson et al28 to address our research needs.

Central to our study, the ACV was computed using the following parameters:

● The radius of the anterior chamber (RAC) was established based on the WTW distance.
● The central chamber depth (CCD) was derived from the disparity between the ACD and the CCT.

The WTW distance represents the horizontal measurement across the cornea from one limbus to the other, effectively 
measuring the diameter of the anterior chamber. This measurement is typically acquired using devices such as the Zeiss 
IOLMaster 700. Given that the WTW distance corresponds to the diameter, dividing it by two yields the RAC. The 
radius, being half of the diameter, is crucial for subsequent calculations involving volume. The CCD is determined by 
subtracting the CCT from the ACD.

This relationship was formalized in the formula:

This formula is derived from the correlation between ACV and ACD, which has been demonstrated to explain 
approximately 85% of the variation in ACV across multiple studies employing OCT for volume estimation.29,30 ACV can 
be effectively quantified using both Pentacam (Oculus Optikgeräte GmbH, Germany) and anterior segment optical 
coherence tomography (AS-OCT), as demonstrated by their reliability. Nonetheless, the lack of substantial agreement 
between these measurements precludes their interchangeability.31

The intraclass correlation coefficient (ICC) was calculated using a two-way mixed effects model to evaluate the 
consistency and reliability of the measurements obtained from the two devices. This approach is widely recognized for 
assessing agreement between different raters or instruments.32,33 The specific model employed for the ICC calculation 
was “inter-rater reliability, two-way mixed effects, single rater, absolute agreement.” This methodologically aligns with 
the guidelines provided by Koo and Li,32 which recommend appropriate methods for ICC calculation in inter-rater 
reliability studies.

We conducted a comparative analysis of the measurements obtained using the Heidelberg Anterion device against the 
volumes calculated from the Zeiss IOLMaster 700 data, employing the specified formula as outlined earlier. Descriptive 
statistics, including the median and interquartile range (IQR), were computed for each parameter as assessed by both 
raters. These statistics provide a detailed summary of the central tendency and dispersion, ensuring a comprehensive 
depiction of the measurement data.34

To compare the distributions of the measurements from the Heidelberg Anterion and the Zeiss IOLMaster 700, we 
employed the Mann–Whitney U-test. This non-parametric test is appropriate for comparing two independent groups, 
especially when the data do not follow a normal distribution.35 The threshold for statistical significance was set at 
a p-value of < 0.05. This threshold was used to determine whether the results were statistically significant in our 
analysis.36 Additionally, Levene’s test was performed to assess the homogeneity of variances between the measurements 
from both devices, ensuring the assumption of equal variances was met. Evaluating the homogeneity of variances is 
critical for validating many statistical analyses, as it enhances the reliability of subsequent comparative analyses.37 This 
assessment was crucial in validating our methodology and ensuring the accuracy and reliability of ACV measurements in 
our research. The measurements are shown in Table 1.

For the WTW measurements, the Heidelberg Anterion device reported a median of 11.60 mm (IQR = 11.33–11.88), 
whereas the Zeiss IOL Master reported a median of 11.80 mm (IQR = 11.53–12.08). The ICC for WTW was 0.808, with 
a 95% confidence interval ranging from 0.63 to 0.90, indicating moderate agreement between the two devices. The 
Mann–Whitney U-test indicated a significant difference between the devices (p = 0.0056), while Levene’s test confirmed 
the homogeneity of variances (p = 0.103).

Clinical Ophthalmology 2024:18                                                                                           https://doi.org/10.2147/OPTH.S495068 3991

Zemitis et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



For CCT measurements, the Heidelberg Anterion device reported a median of 0.53 mm (IQR = 0.52–0.55) and the 
Zeiss IOLMaster 700 reported a median of 0.54 mm (IQR = 0.52–0.55). The ICC for CCT was notably high at 0.961, 
with a 95% confidence interval from 0.92 to 0.98, indicating excellent agreement. Neither the Mann–Whitney U-test (p = 
0.267) nor Levene’s test (p = 0.588) revealed significant differences between the measurements.

For ACD measurements, the Heidelberg Anterion device reported a median of 3.25 mm (IQR = 3.00–3.50), while the 
Zeiss IOLMaster 700 reported a median of 3.21 mm (IQR = 2.97–3.43). The ICC for ACD was 0.991, with a 95% 
confidence interval from 0.98 to 1.00, indicating excellent agreement between the devices. Neither the Mann–Whitney 
U-test (p = 0.355) nor Levene’s test (p = 0.939) indicated significant differences between the measurements.

ACV measurements showed a median of 155.38 mm³ (IQR = 131.15–180.06) for the Heidelberg Anterion and 
144.11 mm³ (IQR = 125.62–159.81) for the Zeiss IOLMaster 700, with the latter calculated using the formula. The ICC 
for ACV was 0.908, with a 95% confidence interval from 0.82 to 0.96, suggesting excellent agreement between the 
devices. The Mann–Whitney U-test revealed a statistically significant difference between the measurements (p = 0.0519), 
indicating divergent assessments between the two devices. However, Levene’s test did not detect significant variance (p = 
0.216), indicating consistency in the spread of measurements across the two groups.

In our analysis, we examined the cohorts and identified distinctions between the younger cohort and the cataract 
cohort. Statistically significant differences in measurements between groups were found for the ACV Formula, WTW 
Anterion, ACD Anterion, and ACD IOLMaster. These results indicate a clear trend of decreasing ACD with advancing 
age, corroborating findings reported in existing literature.38

The differences in ACV should also be observed in the ACV Anterion and ACV Formula groups. These differences 
can be attributed to the WTW measurement’s ability to differentiate between various diagnostic machines.39 The 
observed variations are shown in Table 2.

The main investigation involved examining ACV, WTW, ACD, and AL in patients undergoing cataract surgery at 
Pauls Stradins Clinical University Hospital. Among the chosen participants, 72 were men, while 126 were women. 

Table 1 Comparison of Ocular Biometry Parameters Between Heidelberg Anterion and Zeiss IOLMaster 700

Parameter Median (IQR) – 
Heidelberg Anterion

Median (IQR) – Zeiss 
IOLMaster 700

ICC 95% CI p-value Rater reliability

WTW 11.60 (11.33–11.88) 11.80 (11.53–12.08) 0.700 [0.17, 0.92] 0.008 Moderate Agreement

CCT 0.53 (0.52–0.55) 0.54 (0.52–0.55) 0.951 [0.82, 0.99] <0.001 Excellent Agreement

ACD 3.25 (2.97–3.43) 3.21 (2.97–3.43) 0.988 [0.95, 1.0] <0.001 Excellent Agreement
ACV 155.38 (131.15–180.06) 144.11 (125.62–159.81) 0.902 [0.66, 0.97] <0.001 Excellent Agreement

Note: The table presents the results of various statistical tests and descriptive analyses for four parameters: WTW, CCT, ACD, and ACV. The key metrics include the 
median and interquartile range (IQR) of measurements by both devices (Heidelberg Anterion and Zeiss IOL Master), the ICC with 95% confidence intervals, the p-values 
indicating the significance of the ICC, and the rater reliability assessment. The table illustrates the consistency and agreement between the two devices, highlighting 
moderate to excellent agreement across the parameters.

Table 2 The Measurements Were Compared Between the Heidelberg Anterion and the Zeiss 
IOLMaster 700, as Well as Between the Cataract and Control Groups

Cataract (n = 18) Control (n = 12) p-value Effect Size

ACV Anterion, median (SD) 150 ± 35.2 185 ± 28.5 0.095 0.370

ACV Formula, median (SD) 133 ± 26.5 157 ± 22.4 0.015 0.528
WTW Anterion, median (SD) 11.5 ± 0.353 11.8 ± 0.317 0.019 0.509

WTW IOL master, median (SD) 11.9 ± 0.268 11.9 ± 0.357 0.492 0.153

ACD Anterion, median (SD) 3.09 ± 0.459 3.63 ± 0.273 0.010 0.569
ACD IOL master, median (SD) 3.01 ± 0.455 3.56 ± 0.276 0.010 0.565

CCT Anterion, median (SD) 536 ± 16.6 531 ± 32.4 0.340 0.213

CCT IOL master, median (SD) 543 ± 19.0 536 ± 38.8 0.421 0.181

Note: The Mann–Whitney U-test was employed to assess differences between the groups. Bold font indicates p-values less 
than 0.05, representing statistically significant results.
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Furthermore, the SPONCS40 system was utilized to classify the hardness of cataracts. Demographics and ocular 
pathologies are shown in Table 3.

Results
A comprehensive analysis displaying patient concurrent pathologies and their statistical relevance to ACV, WTW, ACD, 
and AL is shown in Table 4.

The volume of intraocular fluid differed significantly between groups with and without pseudoexfoliation (PEX). 
Eyes with PEX had a significantly lower ACV (133 ± 28.3 mm³) compared to eyes without PEX (142 ± 30.7 mm³), with 

Table 3 Summary of Demographics and Ophthalmic Co-Morbidities Among 
Patients Included in the Study

Male (n = 72) Female (n = 126) p-value

Age, mean (SD) 72.0±9.49 74.3±9.44 0.092

ACV, mean (SD) 140 ± 32.3 138 ± 28.6 0.587
WTW, median (SD) 12.0 ± 0.387 11.8 ± 0.399 <0.001

ACD, median (SD) 3.15 ± 0.518 3.14 ± 0.466 0.457

AL, median (SD) 23.9 ±1.39 23.3 ± 1.34 0.027

Cataract hardness (SPONCS) 0.527

1 (Subcapsular with clear nucleus) 2 (1.0%) 1 (0.5%)

2 (Mild hardness) 21 (10.6%) 45 (22.7%)

3 (Moderate hardness) 24 (12.1%) 44 (22.2)
4 (Advanced hardness) 7 (3.5%) 14 (7.1%)

5 (Hypermature/Morganian) 18 (9.1%) 22 (11.1%)

Glaucoma 0.822

Present 17 (8.6%) 28 (14.1%)
Absent 55 (27.8%) 98 (49.5%)

Pseudoexfoliation syndrome 0.183

Present 35 (17.7%) 49 (24.7%)

Absent 37 (18.7%) 77 (38.9%)

Diabetes 0.098

Present 12 (6.1%) 34 (17.2%)

Absent 60 (30.3%) 92 (46.5%)

Note: The t-test and Mann–Whitney U-test was used to compare distributions of age, volume, WTW, 
ACD, and AL, while the chi-squared test was employed to analyze associations among categorical 
variables.

Table 4 The ACV, WTW, ACD, and AL, Along with Their 
Statistical Significance in Relation to Ocular Comorbidities

p-value

ACV WTW ACD AL

Cataract hardness (SPONCS) 0.720 0.929 0.631 0.910

Glaucoma 0.461 0.267 0.393 0.801
Pseudoexfoliation syndrome 0.038 0.711 0.016 0.046
Diabetes 0.712 0.841 0.502 0.166

Note: The t-test and one-way ANOVA were used to compare parametric ACV 
data, while the Mann–Whitney test and Kruskal–Wallis test were employed to 
analyze non-parametric WTW, ACD, and AL data. Bold font indicates p-values less 
than 0.05, representing statistically significant results.
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a statistically significant difference of −8.94 mm³, 95% CI [−17.4, −0.518], t (196) = −2.09, p = 0.038, d = −0.301. There 
was also a significant difference in ACD between eyes with PEX (median = 3.00 mm, IQR = 2.71–3.32 mm) and without 
PEX (median = 3.17 mm, IQR = 2.90–3.45 mm), U = 3824, p = 0.016, r = 0.201. There was also a significant difference 
in AL between eyes with PEX (median = 23.4 mm, IQR = 22.8–24.0 mm) and without PEX (median = 23.6 mm, IQR = 
22.9–24.6 mm), U = 3784, p = 0.046, r = 0.169.

Discussion
Although the measurement of ACV has not yet become standard clinical practice, it holds significant potential for addressing 
various ocular issues. It can aid in glaucoma diagnosis and management, cataract surgery planning, refractive surgery, assessment 
of ocular health, and research and development.

A considerable body of research has explored the ACV across various ocular pathologies. Eyes with an ACV of 100 mm³ or 
less may be classified as having a high risk for the development of acute angle-closure glaucoma.41 The ACV increased 
significantly at 1 day, 1 week, and 1 month following cataract surgery.42 While there was no observed change in ACV, a notable 
reduction in ACD was found following myopic LASIK in young patients.42 Corneas with increased thickness might correlate with 
reduced aqueous production and diminished uveoscleral outflow.43 Biometric differences between Caucasian and Chinese adults 
include larger ACVs.44 Reduced anterior chamber area and ACV were found to be independently associated with narrow angles, 
even following adjustment for established ocular biometric parameters such as ACD and AL.45 Greater ACV was found to be 
associated with decreased deformation altitude values and increasing age while exhibiting higher stiffness parameters and 
intraocular pressure values.30

In our study, the most pronounced differences were observed within the groups affected by PEX. The literature 
reveals a lack of consensus concerning the biometric characteristics of the anterior segment in eyes affected by PEXS. 
A population-based cross-sectional cohort study has shown that PEXS is correlated with advanced age, reduced AL, and 
a diminished ACD.46 A study demonstrated that the anterior chamber of the eye is significantly shallower in patients with 
PEX syndrome compared to the control group.47 Research has indicated that eyes with PEX syndrome and cataracts 
exhibit significantly reduced ACD and increased lens thickness compared to eyes with cataracts alone.47 The reduced 
ACD observed in patients with PEX syndrome is believed to result from the forward displacement of the lens, which is 
attributed to lens thickening and the weakening of the lens zonules.48 The fragility of the zonular apparatus significantly 
contributes to the elevated incidence of phacodonesis, lens dislocation, and vitreous complications encountered during 
extracapsular cataract surgery in eyes with PEXS.49

However, according to the findings from the Reykjavik Eye Study, PEX did not exhibit a correlation with CCT, ACD, 
lens thickness, nuclear lens opacifications, or optic disc morphology when analyzed within a multivariate model.50 Duran 
et al observed no significant differences in ACD when comparing eyes with PEX to their fellow eyes or to control eyes.51

There are only a few studies that have investigated the association between PEX and the axial length of the eye. Topouzis et al 
found that individuals with incident PEX had a statistically significantly shorter axial length compared to those who had not 
developed PEX.52 Topouzis’s findings propose that shorter axial length might contribute to the onset of PEX, which may explain 
the association observed with a shallow anterior chamber in the Beijing Eye Study 2011 by You Q. et al.46

The evidence concerning differences in ACV between eyes with PEX and those without is inconclusive. Mohamed- 
Noriega et al reported that the ACV, measured using the Pentacam, exhibited negligible differences between the control 
group (mean ± SD: 109.6 ± 25.6 mm³) and the group affected by PEXS (mean ± SD: 113.363 ± 24.79 mm³).53 Doganay 
et al employed the Pentacam-Scheimpflug imaging system to assess anterior segment parameters in patients with PEXS, 
pseudoexfoliative glaucoma (PEXG), and a control group. Their findings revealed no significant differences in mean 
values of ACV, anterior chamber angle width, CCT, pupil diameter, or corneal volume at 3.0 mm, 5.0 mm, and 7.0 mm 
among the three groups.54 According to Gharagozloo et al, ACV was markedly decreased in both affected and unaffected 
eyes of individuals with unilateral PEXS compared to control eyes.55 The Duran et al study revealed no significant 
differences in ACD, ACV, iridocorneal angle, or keratometry values when comparing eyes with PEX to either fellow 
eyes or control eyes.51 Omura et al observed that eyes positive for PEXS exhibited a diminished ACV in comparison to 
PEX-negative eyes.56 Studies have demonstrated that patients with PEXG experience a more pronounced reduction in 
intraocular pressure following cataract surgery compared to control groups.57
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During this study, we hypothesized that glaucoma would be the ocular comorbidity most strongly associated with 
ACV. However, this hypothesis was not supported by our findings. Lens thickness is an important parameter that can 
influence ACV and may have implications for conditions such as glaucoma. Increased lens thickness was significantly 
associated with advancing age, male sex, greater body height, elevated body mass index, hyperopic refractive error, 
thicker central corneal measurements, reduced anterior chamber depth, and the presence of nuclear cataracts.58 However, 
in our study, lens thickness was not measured due to the exclusion of patients with severe lens opacities, which cannot be 
accurately assessed using optical interferometry. While this limitation restricts our ability to explore the relationship 
between lens thickness and ACV, future studies that include lens thickness measurements would provide valuable 
insights into how lens thickness may correlate with ACV and its role in ocular health. However, in both POAG patients 
and individuals without the condition, no meaningful relationship was observed between IOP and ACD, nor between IOP 
and lens thickness.59 Eyes with angle-closure glaucoma or occludable angles exhibit noticeably shorter AL, shallower 
ACD, and thicker lenses when compared to those in the normal group.60 Glaucoma is defined as a group of disorders 
characterized by the degeneration of ganglion cells resulting from axonal damage at the lamina cribrosa of the optic 
nerve. In essence, glaucoma is a diagnosis of exclusion when the etiology of the optic nerve damage remains 
unidentified.61 Lowering IOP does not fully address the underlying mechanisms of neurodegeneration. Therefore, 
there is a significant need for pharmacologic approaches that can protect against glaucomatous neurodegeneration 
independently of IOP.62

There have been studies linking glaucoma to ACV. The IOP/ACV ratio may serve as a novel diagnostic parameter for 
predicting the likelihood of success in prostaglandin analogue treatment.63 ACV is a robust and precise predictor of the 
outcomes of primary angle closure disease.64

Emerging research on the intraocular fluid metabolome shows promise in elucidating integrated biological mechan-
isms within the anterior segment of the eye and advancing treatment strategies for ocular diseases. Variations in 
intraocular fluid composition among cataract patients65,66 and individuals with PEX67 have been documented in existing 
literature. Future investigations could harness data from liquid chromatography-mass spectrometry machines and 
consider ACV as a potential alternative for concentration calculations in these studies. The product of a substance’s 
concentration within a fluid and the volume of that fluid determines the total mass or amount of the substance, a critical 
factor in assessing its overall presence within the fluid.

An accessible and cost-effective method for measuring ACV that does not rely on advanced equipment such as the 
Pentacam or AS-OCT would be highly beneficial, particularly in developing countries where access to such technology 
may be limited. With the availability of ocular biometry, it could significantly enhance clinical research on ACV by 
enabling broader and more comprehensive studies.

Conclusion
Our study evaluated the discrepancies between ACV measurements obtained from the Heidelberg Anterion and Zeiss 
IOLMaster 700. ACV measurements showed a median of 155.38 mm³ (IQR = 131.15–180.06) for the Heidelberg 
Anterion and 144.11 mm³ (IQR = 125.62–159.81) for the Zeiss IOLMaster 700, with the latter calculated using the 
formula. The ICC for ACV was 0.908 (95% CI: 0.82–0.96), indicating excellent agreement between the devices. While 
the Mann–Whitney U-test revealed a statistically significant difference (p = 0.0519), Levene’s test showed no significant 
variance (p = 0.216), suggesting consistency in the spread of measurements across both devices. We also refined 
a formula for calculating intraocular fluid volume, which demonstrated excellent agreement with AS-OCT methods. 
Additionally, our investigation highlighted the significance of ACV and other ocular biometry parameters in relation to 
ocular comorbidities, revealing that both ACD and ACV exhibit age-related changes. Notably, eyes affected by PEXS 
showed reduced ACD, ACV, and AL measurements. This is the first study to validate our redefined formula, which could 
enable broader clinical research, particularly in settings with limited access to advanced imaging technologies. While 
ACV remains underexplored, its potential applications in ophthalmology merit further investigation.
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