& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Ryou Tanaka,

Tokyo University of Agriculture and
Technology, Japan

REVIEWED BY

Howard Dobson,

Invicro, United States

Andras Komaromy,

Michigan State University, United States

*CORRESPONDENCE
Kyung-Mee Park
parkkm@cbu.ac.kr

RECEIVED 06 August 2024
ACCEPTED 08 November 2024
PUBLISHED 03 December 2024

CITATION
Kim D, Kwon H, Hwang J, Jung JS and Park
K-M (2024) Quantitative analysis of
iridocorneal angle and ciliary cleft structures
in canine eyes using ultrasound
biomicroscopy.

Front. Vet. Sci. 11:1476746.

doi: 10.3389/fvets.2024.1476746

COPYRIGHT

© 2024 Kim, Kwon, Hwang, Jung and Park.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Veterinary Science

Frontiers in Veterinary Science

TYPE Original Research
PUBLISHED 03 December 2024
pol 10.3389/fvets.2024.1476746

Quantitative analysis of
iridocorneal angle and ciliary cleft
structures in canine eyes using
ultrasound biomicroscopy

Donghee Kim, Hyun Kwon, Jiyi Hwang, Ji Seung Jung and
Kyung-Mee Park*

Laboratory of Veterinary Surgery and Ophthalmology, College of Veterinary Medicine, Chungbuk
National University, Cheongju, Republic of Korea

Introduction: This study aimed to examine the relationship between the relative
opening of the ICA (RO-ICA) and the structure of the ciliary cleft (CC) using
Ultrasound Biomicroscopy (UBM).

Materials and methods: Clinical data from 31 eyes of 17 dogs at the Veterinary
Teaching Hospital of Chungbuk National University, Korea, were analyzed. RO-
ICA was categorized as “Slightly Narrow”, “Narrow”, “Open”, and "Wide Open”,
with eyes further grouped into “Narrow” (including Slightly Narrow and Narrow)
and “Open” (including Open and Wide Open) for analysis. Statistical methods,
including linear regression and average comparisons between groups, were
employed to explore correlations between RO-ICA and parameters such as ICA,
CC width (CCW), CC length (CCL), and CC area (CCA).

Results: The distribution showed “Narrow” (3 eyes, 9.7%), “Slightly Narrow” (13
eyes, 41.9%), and "Open” (14 eyes, 45.2%) as the predominant categories. In the
Open group, CCL and CCA were significantly larger compared to the Narrow
group. A positive correlation was observed between RO-ICA and CCL, and
CCA across all groups. Notably, in the Narrow group, RO-ICA demonstrated
a particularly significant positive correlation with all assessed parameters,
including ICA, CCW, CCL, and CCA. However, no significant correlation was
observed between RO-ICA and the assessed parameters in the Open group. In
conclusion, while a smaller RO-ICA generally correlates with a smaller CC, a
larger RO-ICA does not guarantee a larger CC.

Conclusion: Additional UBM examinations are recommended for

comprehensive evaluations, particularly in cases where gonioscopy indicates an
open iridocorneal angle.
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1 Introduction

Glaucoma in dogs is a serious, progressive disease that frequently leads to blindness (1, 2).
This condition is characterized by the gradual narrowing and collapse of the iridocorneal angle
(ICA), impairing the normal flow of aqueous humor and subsequently increasing intraocular
pressure (IOP), a key contributor to vision loss (1, 3). Thorough evaluation of the ICA is
critical in managing glaucoma. This integral component of the anterior chamber of the eye is
responsible for regulating ocular fluid dynamics and intraocular pressure. Its alterations
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significantly contribute to the elevation of IOP and the progression of
the disease (3-6). Therefore, precise assessment of the ICA and its
related structures is imperative for the early detection and effective
treatment of glaucoma in dogs.

Clinically, the assessment of the ICA in veterinary practice has
predominantly relied on tools like gonioscopy or contact retinal
camera (RetCam Shuttle; Clarity Medical Systems, Pleasanton, CA)
for visual examination of the ICA’ anterior face (7-9). Gonioscopy,
when feasible, reveals details such as narrow or closed iridocorneal
angles, occasionally accompanied by pectinate ligament dysplasia
(PLD) (9-11). However, this method has limitations due to its focus
exclusively on the anterior aspect of the ICA, particularly in its
inability to accurately measure the angle and evaluate finer structures
such as the ciliary cleft (CC) (12). In contrast to gonioscopy,
Ultrasound Biomicroscopy (UBM) provides a non-invasive and more
precise approach (12, 13). It facilitates detailed imaging of the CC, an
internal structure of the ICA, going beyond the capabilities of
gonioscopy (14, 15). By providing cross-sectional images of the ICA,
UBM emerges as an essential tool for accurate detection and effective
management of ocular diseases like glaucoma (16, 17).

The ICA constitutes the peripheral, circumferential part of the
anterior chamber, formed where the cornea, sclera, and base of the iris
meet (4, 18). The anterior face of the ICA is composed of pectinate
ligaments, characterized by slender, branching beams of iris tissue that
span across the ICA, creating the iconic pectinate ligament structure
(19-21). Posterior to the ICA lies the CC, a peripheral circumferential
space extending posteriorly to the pectinate ligaments into the
posterior ciliary body. This space, almost virtual in nature, forms a
triangular shape with an anterior base (22-24). It serves as a crucial
pathway for aqueous humor flow, connecting the radial collector
channels that lead to the intrascleral venous plexus in the conventional
outflow pathway, and to the porosity of the loose connective tissue and
its extracellular matrix in the ciliary body in the unconventional
outflow pathway (25-28). Therefore, abnormalities or changes in these
structures can lead to pathologies and issues in intraocular pressure
regulation (3, 5, 29).

Due to the significance of the ICA in primary angle closure
glaucoma (PACG), considerable research has been conducted on the
pectinate ligament through gonioscopy. These studies suggest that the
narrowing of the ICA and PLD may play a role in PACG (3, 11, 30).
In one particular study, the total outflow capacity, as measured by
tonography, appeared normal when PLD was observed via gonioscopy.
This implies that the condition of the pectinate ligament may present
minimal resistance to outflow, especially if flow holes are present to
allow aqueous humor access to the CC (29). Such findings highlight a
potential discrepancy between the anterior aspect of the ICA,
primarily the pectinate ligament as seen through gonioscopy, and its
internal structure, the CC (12, 29, 31). Furthermore, this casts doubt
on the reliability of using gonioscopy alone as an indicator to estimate
total outflow capacity (16, 21, 32). This situation emphasizes the
necessity for more in-depth research to investigate the correlation
between these structural variances.

In our study, we aim to explore the relationship between the
relative opening of the ICA and the structure of the CC using
UBM. Our objectives include providing a more precise and
quantifiable analysis of these structures. This will enable us to assess
the extent to which the CC can be accurately predicted through
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clinically convenient methods like gonioscopy. This approach is
anticipated to deepen our understanding of the interplay between the
anterior and internal structures of the ICA, especially in the context
of PACG. To our knowledge, this study is the first to quantitatively
address the correlation between the relative opening of the ICA and
the structure of the CC.

2 Materials and methods
2.1 Clinical information

This retrospective study utilized clinical data from dogs treated at
the Veterinary Teaching Hospital of Chungbuk National University,
Chungju, Korea. The data compilation spanned from August 29, 2018,
to September 20, 2022, involving 31 eyes from 17 different dogs.
Ethical approval for this research was granted by the Institutional
Animal Care and Use Committee (CBNUA-1700-22-02). The
ophthalmological evaluations were performed by Dr. KM Park, a
veterinary medicine faculty member, along with a team of eye care
veterinarians. These assessments included various tests, such as slit-
lamp biomicroscopy (MW50D, SHIGIYA, Hiroshima, Japan), the
Schirmer Tear Test (Schirmer Tear Flow Strips, GuldenOphthalmics,
PA), assessments of the menace response, pupillary light reflex, and
dazzle reflex, and rebound tonometry (TonoVet plus®, icare, Vantaa,
Finland). Additional diagnostic methods encompassed gonioscopy
(Ocular Koeppe Diagnostic Lenses, Ocular Instruments.inc), indirect
ophthalmoscopy (Pan Retinal® 2.2, VOLK, OH), and UBM (VuPAD®,
Sonomed Escalon, Lake Success, NY, United States). In this research,
patients exhibiting other ocular diseases aside from incipient cataracts
were excluded during the complete ophthalmic examination process.

2.2 UBM examination

In this study, UBM examinations were essential to the ophthalmic
assessments. To standardize the condition of all subjects with
consistent pupil dilation, the dogs underwent topical application of
0.5% tropicamide (Mydriacyl®, Alcon, Geneva, Switzerland). UBM
imaging was performed only after confirming full mydriasis.
Additionally, 0.5% proparacaine hydrochloride (Alcaine®; Alcon) was
applied for topical anesthesia. During the UBM procedure, the dogs’
eyelids were gently held open, and the UBM transducer was positioned
precisely perpendicular to the corneoscleral limbus in the dorsal
quadrant of the eye.

In our research, we adopted a method inspired by Ekesten
et al.,, but specifically adapted for UBM imaging, to assess the
relative opening of the iridocorneal angle (RO-ICA) (10, 11). This
involved establishing a baseline along the lower edge of the CC,
essentially extending the iris root line. Key measurements were
taken perpendicular to this baseline: the distance at the point

« »

where the pectinate ligaments intersect the sclera (length “a”), and
the distance from the anterior surface of the cornea (length “b”).
The RO-ICA was then calculated by dividing length “a” by length
“b” thereby quantifying the relative opening in terms of
proportional lengths, instead of focusing on absolute length

measurements (Figure 1A).
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FIGURE 1

UBM measurement method. (A) This section illustrates the measurement of the relative opening of the iridocorneal angle (RO-ICA). It involves drawing
a baseline from the lower surface of the ciliary cleft, extending the iris root line. Perpendicular lines are then drawn from the junction of the pectinate
ligaments and sclera (length “a”) and from the anterior surface of the cornea (length "b"). The RO-ICA is calculated by dividing length “a” by length "b”
(B) Demonstrates the measurement of the Iridocorneal Angle (ICA), defined as the peripheral circumference of the anterior chamber at the
convergence point of the sclera, cornea, and iris base. (C) Details the measurements of the ciliary cleft width (CCW) and length (CCL), with the CCW
being the distance from the iris root to the corneoscleral, and the CCL measured from the angle recess to the midpoint of the CCW. (D) Describes the
measurement of the Ciliary Cleft Area (CCA), which is the area enclosed by the ciliary cleft.

The evaluation of the CC in each eye included four parameters
based on established research (22-24): (a) the geometric Iridocorneal
Angle (ICA), the angle formed between the plane of the iris root and
the posterior corneoscleral limbus; (b) the width of the entrance to the
CC (CCW); (c) the length of the CC (CCL); and (d) the area of the CC
as manually measured (CCA). These assessments allowed for a
detailed analysis of the CC’s anatomical structure and its potential

implications for canine ocular health ( -D).

2.3 Grading of the relative opening of the
iridocorneal angle

In our study, the grading of the RO-ICA was conducted using the
numerical grade scale established by Ekesten et al. (10). The grading
system categorizes the RO-ICA into five distinct classes based on
specific numerical intervals. These are as follows: “Closed” for an

RO-ICA of X<0.15, “Narrow” for 0.15<X <0.30, “Slightly narrow”

Frontiers in

for 0.30<X <0.45, “Open” for 0.45<X <0.55, and “Wide Open” for
X>0.55. The X was calculated by dividing the distance at the
intersection of the pectinate ligaments and the sclera (length “a”) by
the distance from the anterior surface of the cornea (length “b”).

For further analysis in our study, the categories of “Narrow” and
“Slightly Narrow” within the grading of the RO-ICA were combined
to form the “Narrow Group”. Similarly, the “Open” and “Wide Open”
categories were grouped together to constitute the “Open Group”.

2.4 Statistical analysis

In this study, we conducted our statistical analyses using SPSS
software (version 17.0; SPSS Inc., Chicago). To assess differences in
breed, sex, and weight among the groups, we utilized the Chi-squared
(%) test. The Shapiro-Wilk test was initially applied to evaluate the
normality of our data. Upon confirming data normality, we then
employed the -test to compare the mean values between groups. This
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method was specifically used for analyzing the differences between the
narrow and open groups categorized under the RO-ICA classification.
Furthermore, to investigate the relationship between RO-ICA
measurements and various parameters assessed in the study, a single
linear regression analysis was performed. The interpretation of the
correlation was standardized as follows: R=0.00-0.10, negligible
correlation; R=0.10-0.39, weak correlation; R =0.40-0.69, moderate
correlation; R=0.70-0.89, strong correlation; R=0.90-1.00, very
strong correlation. We established levels of statistical significance at
Pp<0.05 represented as * in our study. For ease of interpretation in the
figures, asterisks are used, whereas the actual p-values are explicitly
detailed in the text of the study, ensuring comprehensive and clear
communication of our statistical findings.

3 Results

3.1 The distribution of the relative opening
of the iridocorneal angle

In the evaluation of the iridocorneal angles among the canine
subjects, a variation in the RO-ICA grades was observed. The
“Narrow” category comprised 3 eyes, accounting for 9.7% of the
total. A significant portion, 41.9%, fell into the “Slightly Narrow”
category, involving 13 eyes. The majority of the eyes, 14 in number,
representing 45.2%, were classified as “Open”. The “Wide Open”
category was the least represented, with only 1 eye, constituting
3.2% of the sample.

3.2 Canine characteristics

In the Narrow group, consisting of 16 eyes from 8 dogs, the breeds
most commonly observed were Poodles and Malteses. The gender
distribution favored males, with 5 males compared to 3 females. The
mean age of the dogs in this group was 9.46+4.21years (range,
1.5-15years), and the mean weight was recorded at 4.87 £1.60kg
(range, 2.85-9.80kg). The IOP in this group was 16.69 +2.18 mmHg
(range, 13.00-20.00 mmHg).

The Open group included 15 eyes from 10 dogs, with breeds such
as Poodles and Shih Tzus being predominant. This group had a larger
number of female dogs, with 6 females and 4 males. The mean age in
this group was 7.90 + 3.19 years (range, 4.0-15.0years), and the mean
weight was 5.60 +2.08kg (range, 3.5-9.7kg). The IOP in this group
was 15.93 +2.25 mmHg (range, 12.00-20.00 mmHg).

Statistical analysis revealed no significant differences in terms of
sex, weight, age or IOP between the Narrow and Open groups,
indicating a similar distribution of these characteristics across both
groups (Supplementary Tables 1, 2).

3.3 Comparative analysis of ICA, CCW,
CCL, and CCA between narrow and open
groups

In this study, the values of the ICA, CCW, CCL, and CCA were
compared between the Narrow and Open groups. The mean ICA
in the Narrow group was 20.68 +7.12°, while in the Open group, it
was 18.03 £ 6.36°. This difference was not statistically significant,
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with a p-value of 0.284 (Figure 2A). Similarly, the CCW did not
show a significant difference between groups, with mean values of
0.58+0.18 mm in the Narrow group and 0.62+0.14 mm in the
Open group (p=0.464) (Figure 2B). However, significant
differences were observed in CCL and CCA measurements; the
Narrow group exhibited a mean CCL of 0.99 +0.14 mm and CCA
of 0.22 +0.04 mm?, whereas the Open group showed a mean CCL
of 1.12+0.18 mm and CCA of 0.26 £ 0.04 mm? (p <0.05, p<0.05
respectively). These findings indicate that while the ICA and CCW
do not significantly differ between the two groups, both CCL and
CCA are notably larger in the Open group compared to the Narrow
group (Figures 2C,D).

3.4 Regression analysis outcomes across
combined narrow and open groups

The regression analysis for the ICA yielded interesting insights.
A positive correlation was observed between RO-ICA and ICA, but
this association was not statistically significant. The regression
model accounted for only 3.316% of the variance in ICA (p=0.3269)
(Figure 3A). Regarding the CCW, the analysis revealed a positive
correlation with RO-ICA. However, the relationship was not
statistically significant, with the model explaining 12.30% of the
variance in CCW (p=0.0531) (Figure 3B). For the CCL, the
regression analysis showed a weak positive association with
RO-ICA. This correlation was statistically significant, with the
model accounting for 16.07% of the variance in CCL (p <0.05)
(Figure 3C). Lastly, in the case of the CCA, the regression analysis
indicated a significant weak positive correlation with RO-ICA. The
model explained a considerable 26.84% of the variance in CCA, and
the association was statistically significant (p <0.01) (Figure 3D).

3.5 Regression analysis outcomes in
narrow groups

The regression analysis for the ICA yielded significant insights. A
moderate positive correlation was found between the RO-ICA and
ICA, with the regression model explaining 33.76% of the variance in
ICA. This association was statistically significant (p <0.05), suggesting
a strong linear dependence of ICA on RO-ICA (Figure 4A). Similarly,
a weak positive correlation was observed with the CCW. The model
accounted for 30.80% of the variance in CCW; and this relationship was
statistically significant (p<0.05), indicating a notable association
between RO-ICA and CCW (Figure 4B). The CCL also showed a
statistically significant weak positive association with RO-ICA, with the
model explaining 27.94% of the variance in CCL (p <0.05) (Figure 4C).
Lastly, for the CCA, a significant weak positive correlation with
RO-ICA was indicated. The model accounted for 26.50% of the
variance in CCA, with this association being statistically significant
(p<0.05) (Figure 4D).

3.6 Regression analysis outcomes in open
groups

In the Open group, the regression analysis for the ICA revealed
that the association between RO-ICA and ICA was not statistically
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FIGURE 2

Comparative analysis of ICA, CCW, CCL, and CCA between narrow
and open groups. (A) ICA Comparison in the Narrow group with 16
eyes showed a mean ICA of 20.68 + 7.12°, in contrast to the Open
group with 15 eyes at 18.03 + 6.36°, with no statistically significant
difference observed (p = 0.284). (B) CCW Comparison revealed mean
values of 0.58 + 0.18 mm in the narrow group of 16 eyes compared
to 0.62 + 0.14 mm in the open group of 15 eyes, without a significant
difference (p = 0.464). (C) CCL Comparison indicated a significant
difference, with the narrow group of 16 eyes showing a mean of
0.99 + 0.14 mm and the open group of 15 eyes at 1.12 + 0.18 mm
(p<0.05). (D) CCA Comparison also displayed a significant variation;
the narrow group with 16 eyes had a mean CCA of 0.22+0.04mm?
compared to 0.26+0.04mm? in the Open group of 15 eyes
(p<0.05). For clarity in interpreting our findings, levels of statistical
significance in the study are denoted as follow: p<0.05 (*).

significant, with the model accounting for only 0.39% of the variance
in ICA (p=0.8242). This suggests a negligible linear dependence
between RO-ICA and ICA (Figure 5A). Similarly, the CCW showed a
non-significant relationship with RO-ICA, with the regression model
explaining just 3.42% of the variance in CCW (p=0.5096) (Figure 5B).
For the CCL, the regression analysis indicated an equally minimal
relationship, accounting for merely 2.38% of the variance in CCL
(p=0.5832), pointing to no strong linear correlation between RO-ICA
and CCL (Figure 5C). Lastly, the analysis for the CCA also
demonstrated a very weak linear relationship with RO-ICA, as the
model accounted for only 1.48% of the variance in CCA (p=0.6663)
(Figure 5D).
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4 Discussion

In this study, our goal was to investigate the correlation between
the RO-ICA and the structure of the CC using UBM We aimed to
provide a detailed, quantitative analysis of these structures, enabling
a more accurate prediction of CC characteristics through methods
like gonioscopy.

This study was conducted retrospectively, including all patients
who visited during the specified period. During patient selection,
those with ophthalmic diseases other than incipient cataracts were
excluded, and no specific selection criteria were applied regarding
breed. For cases in which both eyes met the measurement criteria,
each eye was treated as an independent data point; for cases with only
one eye meeting the criteria, only that eye was included in
the analysis.

Previous studies have established a relationship between the
progressive narrowing of the ICA and the development of glaucoma
(3, 11). It has also been demonstrated that the risk of developing
PACG is significantly higher in dogs with a narrowed or closed CC
(29, 33). Our study sought to clarify the relationship between these
two factors, which are considered critical. Overall, we found a positive
correlation between the RO-ICA and the CC. However, we also
demonstrated that, even in cases categorized as “Open”
gonioscopically, there can still be a presence of a narrowed CC despite
a relatively larger opening of the ICA. This finding challenges some of
the traditional understandings of the relationship between ICA
opening and CC in canine eyes (12).

The method used for measuring the RO-ICA in this study was
developed through modifications of the techniques previously
described by Ekesten et al. (10) and Bjerkas et al. (11). Unlike previous
studies that relied on gonioscopy to observe and measure only the
anterior face of the ICA, our research utilized UBM to examine
sectioned images of the ICA. Additionally, we adopted the criteria for
evaluating the measurement values directly from Ekesten et al’s study
(10). In contrast to previous research, where the percentages of
Slightly Narrow, Narrow, Open, and Wide Open were 6.4, 25, 55.9,
and 9.3% respectively, our study found these categories to be 9.7, 41.9,
45.2, and 3.2%. Notably, in our study, the proportion of eyes classified
in the narrow group was higher than that in previous research. This
difference could be attributed to the fact that the earlier study focused
on Samoyeds, a single breed, while our study included a variety of
breeds. Predominantly, breeds like Poodles and Shih Tzus, known to
be prone to glaucoma due to structural reasons, were part of our
research, which might explain the relatively higher proportion of the
narrow group in our findings (34, 35).

Numerous risk factors for PACG have been identified in previous
studies. Notably, female dogs are reported to have approximately
twice the risk of developing PACG compared to males (36, 37). One
theory suggests that gender differences in ICA morphology may
contribute to this increased risk (16, 38, 39). Additionally, there has
been an observation of progressive narrowing of the ICA with age, a
finding that is significant as it implies that the width of the ICA may
be a dynamic feature, changing as the dog ages, which could influence
the risk of developing glaucoma (10, 21). There has also been a noted
positive correlation between age and the severity of PLD (11, 21, 32).
However, our study observed no significant differences in terms of
sex, weight, age, and breed between the Narrow and Open groups.
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FIGURE 3

Regression analysis outcomes across combined narrow and open groups. (A) The linear regression model examining the relationship between RO-ICA
and ICA in 31 eyes, described by the equation Y = 14.37X + 13.59, shows a weak linear correlation with an R? value of 0.03316. Analysis of the slope and
y-intercept, including standard errors and 95% confidence intervals, reveals no significant linear relationship (p = 0.3269). (B) The analysis of RO-ICA
versus CCW in 31 eyes demonstrates a modest correlation using the equation Y = 0.6666X + 0.3144, resulting in an R? of 0.1230. The confidence
interval for the slope ranges from —0.009422 to 1.343, with a marginal slope significance (p = 0.0531), suggesting a weak linear relationship. (C) The
linear regression model for RO-ICA versus CCL in 31 eyes, given by Y = 0.8282X + 0.7013, indicates a substantial correlation with an R? of 0.1607. The
slope is significantly non-zero (p < 0.05), confirming a significant linear relationship. Detailed confidence intervals for both slope and y-intercept are
provided. (D) In assessing RO-ICA against CCA in 31 eyes, the model Y = 0.2698X + 0.1255 shows a moderate correlation with an R? of 0.2684. A
significant slope (p < 0.01) signifies a notable linear relationship. Standard errors and confidence intervals for both slope and y-intercept are included.
Levels of statistical significance in the study are categorized as p <0.05, p<0.01, p<0.001, and p <0.0001 for clarity.

Based on the results of this study, it was observed that the CCL
and CCA were statistically significantly smaller in the Narrow
group compared to the Open group. Additionally, when
conducting regression analysis regardless of the group, both CCL
and CCA demonstrated a positive correlation with the
RO-ICA. This correlation was more pronounced when the ICA’s
relative opening was smaller, particularly in the Narrow group.
Here, all factors, including ICA, CCW, CCL, and CCA, showed a
positive correlation with RO-ICA. In essence, this suggests that a
smaller RO-ICA is likely to be associated with a smaller CC. These
findings are in line with previous results that showed no
significant difference between UBM-derived CC grades and
subjective gonioscopic grades, further reinforcing the consistency
and validity of these measures (12).

Frontiers in Veterinary Science

However, in the Open group, despite the CCL and CCA being
significantly larger compared to the Narrow group, there was no
observed correlation with the RO-ICA. This outcome contrasts
with previous studies that found no differences between
UBM-derived CC grades and subjective gonioscopic grades when
the CC depicted on UBM images was graded as open (12). This
result suggests that a large RO-ICA does not necessarily correlate
with a large CC. This discovery holds substantial clinical
importance, indicating that even if the ICA is assessed as open
through gonioscopy, there could still be a predisposition to
PACG. The findings also imply the potential necessity of evaluating
the CC using UBM examinations.

Previous studies have recognized the CC as an essential
anatomical structure in the formation of IOP. Research by Dubin
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FIGURE 4
Regression analysis outcomes in narrow groups. (A) The regression model between RO-ICA and ICA for 16 eyes, represented by Y = 66.96X — 4.193,
shows a moderate correlation with an R? value of 0.3376. A significant slope (p < 0.05) supports a notable linear relationship. Standard errors and
confidence intervals are provided for both slope and y-intercept. (B) In examining RO-ICA against CCW for 16 eyes, the equation Y = 1.816X — 0.07650
results in a correlation coefficient (R?) of 0.3080. The slope, significantly different from zero (p <0.05), suggests a meaningful linear relationship.
Confidence intervals for both slope and y-intercept are included. (C) The relationship between RO-ICA and CCL in 16 eyes is depicted by the linear
model Y = 1.396X + 0.4894, demonstrating a fair correlation (R? = 0.2794). The slope is significantly non-zero (p < 0.05), indicating a significant linear
association. Detailed confidence intervals for the slope and y-intercept are provided. (D) The regression model for RO-ICA versus CCA in 16 eyes, given
by Y = 0.3759X + 0.08741, exhibits a correlation of R? = 0.2650. The significant slope (p < 0.05) implies a significant linear relationship. Standard errors
and confidence intervals for both the slope and y-intercept are included in the figure. Levels of statistical significance in the study are categorized as
p<0.05 p<0.01, p<0.001, and p<0.0001 for clarity.

et al. highlighted that a narrowed or closed CC in dogs
significantly increases the risk of developing PACG by 20 times.
Their findings also revealed that, despite the angle index assessed
through gonioscopy providing a subjective estimate of outflow
capacity through the iridocorneal angle, the pectinate ligament
might not be the critical factor in restricting the flow of aqueous
humor through the iridocorneal angle (33). Additionally, other
studies have indicated that even in cases with PLD, if the CC
remains open, the overall outflow capacity may still be normal (2,
29). Further research, particularly studies on goniotomy which
involves widening the CC, has demonstrated an increase in the
flow of aqueous humor, underscoring the CC’s importance in IOP
regulation and its pivotal role in the pathogenesis of PACG (40).

One of the parameters studied in our research, the ICA, overall,
did not exhibit a correlation with the RO-ICA. However, in the
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Narrow group, a positive correlation was observed, indicating that
a smaller RO-ICA tends to correspond with a smaller ICA. Since
gonioscopy cannot evaluate the internal structure of the ICA,
making it an imperfect marker, there has been research attempting
to understand their relationship (21). In previous studies, the
ZibWest angle index, which comprehensively evaluates the grade of
ICA and PLD, was used to assess the correlation with ICA. These
studies revealed that when ICA measurements were conducted
using SD-OCT, they showed significant correlations with
gonioscopic ZibWest angle indices (41). Although PLD was not
evaluated in our study, a similar outcome was observed in terms of
the correlation between ICA grade and ICA, aligning with these
prior findings.

This that  should
be acknowledged. A primary limitation is the small sample size,

study has several limitations
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Regression analysis outcomes in open groups. (A) The linear regression model between RO-ICA and ICA for 15 eyes is represented by

Y =8.867X + 13.65, showing a very weak correlation with an R? value of 0.003936. The large confidence intervals for the slope, ranging from —75.65 to
93.39, and y-intercept, from —28.26 to 55.56, demonstrate a high level of uncertainty. The slope’s insignificance (p = 0.8242) suggests no meaningful
linear relationship. (B) For RO-ICA against CCW in 15 eyes, the regression equation Y = 0.5853X + 0.3308 results in a low correlation coefficient

(R? =0.03416). The wide confidence interval of the slope, spanning from —1.279 to 2.450, and its non-significance (p = 0.5096) indicate a lack of
significant linear relationship. (C) The relationship between RO-ICA and CCL in 15 eyes is depicted by Y = —0.6319X + 1.431, indicating a negligible
correlation (R? = 0.02378). The slope’s confidence interval, ranging from —3.058 to 1.794, along with its non-significance (p = 0.5832), implies no
significant linear association. (D) The linear model for RO-ICA versus CCA in 15 eyes, given by Y = 0.1121X + 0.2033, exhibits minimal correlation
(R?=0.01475). The slope, not significantly non-zero (p = 0.6663), with a confidence interval from —0.4370 to 0.6612, suggests a non-significant linear
relationship. Levels of statistical significance in the study are categorized as p <0.05, p<0.01, p<0.001, and p <0.0001 for clarity.

which may restrict the generalizability of our findings. While a
pre-study power analysis was not conducted, we consider this
study an initial observational effort to investigate the relationship
between the relative opening of the iridocorneal angle (RO-ICA)
and the ciliary cleft (CC) structure. A larger sample size would
be necessary to confirm these findings and potentially identify
broader correlations between RO-ICA and CC. Additionally, the
method we used to calculate RO-ICA was originally developed for
gonioscopy images. Consequently, there may be some differences
when compared to cross-sectional imaging. This also applies to
the standard values used for interpretation, which could vary.
Despite these potential discrepancies, this study made a concerted
effort to measure RO-ICA in a consistent and standardized
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manner. Furthermore, our study included cases of incipient
cataract. While some research suggests that cataracts may
influence the size of the ciliary cleft, we did not observe significant
differences between normal eyes and those with incipient cataracts
(24). As a result, we included these cases in our study results,
considering them relevant to our overall findings.

In conclusion, a smaller RO-ICA can generally be associated
with a smaller CC. However, a larger RO-ICA does not necessarily
indicate a larger CC. Therefore, in clinical settings, when an open
ICA is observed using gonioscopy, the possibility of a smaller CC
should always be considered (Figure 6). Consequently, additional
UBM
comprehensive assessment.

examinations are recommended for a more
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FIGURE 6

with the same relative opening, the ciliary cleft can vary in size.

Schematic image of large RO-ICA with varying sizes of the ciliary cleft. This figure illustrates the different ciliary clefts in the same larger RO-ICA.
Although (A) and (B) have the same relatively large RO-ICA, (B) shows that CCW, CCL, and CCA are all smaller compared to (A). This indicates that even

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal studies were approved by Institutional Animal Care
and Use Committee. The studies were conducted in accordance with
the local legislation and institutional requirements. Written informed
consent was obtained from the owners for the participation of their
animals in this study.

Author contributions

DK: Writing — original draft, Writing — review & editing. HK:
Formal analysis, Validation, Writing - review & editing. JH: Project
administration, Validation, Visualization, Writing - review & editing.
JJ: Project administration, Resources, Validation, Writing — review &
editing. K-MP: Funding acquisition, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was

Frontiers in Veterinary Science

supported by the National Research Foundation of Korea (NRF)
grant funded by the Korea government. MSIT (RS-2024-00344226),
“Regional Innovation Strategy (RIS)” through the National Re-search
Foundation of Korea (NRF) funded by the Ministry of Education
(MOE) (2021 RIS-001) and the Basic Research Lab Program
(2022R1A4A1025557) funded by the Ministry of Science and ICT.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1476746/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fvets.2024.1476746
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2024.1476746/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1476746/full#supplementary-material

Kim et al.

References

1. Miller PE, Bentley E. Clinical signs and diagnosis of the canine primary Glaucomas.
Vet Clin North Am Small Anim Pract. (2015) 45:1183-1212, vi. doi: 10.1016/j.
cvsm.2015.06.006

2. Pizzirani S. Definition, classification, and pathophysiology of canine Glaucoma. Vet
Clin North Am Small Anim Pract. (2015) 45:1127-57, v. doi: 10.1016/j.cvsm.2015.06.002

3. Grozdanic SD, Kecova H, Harper MM, Nilaweera W, Kuehn MH, Kardon RH.
Functional and structural changes in a canine model of hereditary primary angle-closure
glaucoma. Invest Ophthalmol Vis Sci. (2010) 51:255-63. doi: 10.1167/i0vs.09-4081

4. Freddo TE, Civan M, Gong H. Aqueous humor and the dynamics of its flow:
mechanisms and routes of aqueous humor drainage. In: Albert DM, Jakobiec E, editrs.
Principles and Practice of Ophthalmology. Cham: Springer International Publishing
(2022) 1989-2033.

5. Park S, Casanova MI, Bannasch DL, Daley NL, Kim S, Kuchtey J, et al. Ocular
morphologic traits in the American cocker spaniel may confer primary angle closure
glaucoma susceptibility. Sci Rep. (2022) 12:18980. doi: 10.1038/s41598-022-23238-1

6. Goel M, Picciani RG, Lee RK, Bhattacharya SK. Aqueous humor dynamics: a
review. Open Ophthalmol J. (2010) 4:52-9. doi: 10.2174/1874364101004010052

7. Turner G, Groth A, Hii C, O'Reilly A, Volk H, Hardman C. Statistical agreement of
gonioscopy performed as a puppy and as an adult in the Samoyed dog. Vet Ophthalmol.
(2023) 27:228-37. doi: 10.1111/vop.13138

8. Bedford P. A simple method of gonioscopy for the dog and cat. ] Small Anim Pract.
(2008) 26:407-10. doi: 10.1111/.1748-5827.1985.tb02216.x

9. Zibura AE, Robertson JB, Westermeyer HD. Gonioscopic iridocorneal angle
morphology and incidence of postoperative ocular hypertension and glaucoma in dogs
following cataract surgery. Vet Ophthalmol. (2021) 24:50-62. doi: 10.1111/vop.12802

10. Ekesten B, Narfstrom K. Correlation of morphologic features of the iridocorneal
angle to intraocular pressure in Samoyeds. Am J Vet Res. (1991) 52:1875-8. doi: 10.2460/
ajvr.1991.52.11.1875

11. Bjerkas E, Ekesten B, Farstad W. Pectinate ligament dysplasia and narrowing of the
iridocorneal angle associated with glaucoma in the English springer spaniel. Vet
Ophthalmol. (2002) 5:49-54. doi: 10.1046/j.1463-5224.2002.00213.x

12. Gibson TE, Roberts SM, Severin GA, Steyn PE Wrigley RH. Comparison of
gonioscopy and ultrasound biomicroscopy for evaluating the iridocorneal angle in dogs.
J Am Vet Med Assoc. (1998) 213:635-8. doi: 10.2460/javma.1998.213.05.635

13. Pavlin CJ, Foster FS. Ultrasound biomicroscopy. High-frequency ultrasound
imaging of the eye at microscopic resolution. Radiol Clin North Am. (1998) 36:1047-58.
doi: 10.1016/50033-8389(05)70230-X

14. Pavlin CJ, Harasiewicz K, Sherar MD, Foster FS. Clinical use of ultrasound
biomicroscopy. Ophthalmology. (1991) 98:287-95. doi: 10.1016/S0161-6420(91)32298-X

15. Bentley E, Miller PE, Diehl KA. Use of high-resolution ultrasound as a diagnostic
tool in veterinary ophthalmology. ] Am Vet Med Assoc. (2003) 223:1617-1622, 1599. doi:
10.2460/javma.2003.223.1617

16. Boillot T, Rosolen SG, Dulaurent T, Goulle F, Thomas P, Isard PF, et al.
Determination of morphological, biometric and biochemical susceptibilities in healthy
Eurasier dogs with suspected inherited glaucoma. PLoS One. (2014) 9:¢111873. doi:
10.1371/journal.pone.0111873

17. Hasegawa T, Kawata M, Ota M. Ultrasound biomicroscopic findings of the
iridocorneal angle in live healthy and glaucomatous dogs. J Vet Med Sci. (2016)
77:1625-31. doi: 10.1292/jvms.15-0311

18. Pizzirani S, Gong H. Functional anatomy of the outflow facilities. Vet Clin North
Am Small Anim Pract. (2015) 45:1101-1126, v. doi: 10.1016/j.cvsm.2015.06.005

19. Bedford PGC. Gonioscopy in the dog. ] Small Anim Pract. (1977) 18:615-29. doi:
10.1111/j.1748-5827.1977.tb05830.x

20. Bedford PGC, Grierson I. Aqueous drainage in the dog. Res Vet Sci. (1986)
41:172-86. doi: 10.1016/S0034-5288(18)30595-2

21. Pearl R, Gould D, Spiess B. Progression of pectinate ligament dysplasia over time
in two populations of flat-coated retrievers. Vet Ophthalmol. (2015) 18:6-12. doi:
10.1111/vop.12098

Frontiers in Veterinary Science

10

10.3389/fvets.2024.1476746

22. Kawata M, Tsukizawa H, Nakayama M, Hasegawa T. Rectification of width and
area of the ciliary cleft in dogs. J Vet Med Sci. (2010) 72:533-7. doi: 10.1292/jvms.09-0507

23. Choi K-H, Choo SW, Jeong S-w, Kim JY. Ultrasound biomicroscopy studies to
evaluate ciliary cleft parameters in healthy eyes of American cocker spaniels. Pak Vet J.
(2019) 39:66-70. doi: 10.29261/pakvetj/2019.002

24.Kim D, Goh Y-S, Kim H, Park S-E, Hwang J, Kang N, et al. Evaluation of ciliary
cleft changes after phacoemulsification using ultrasound biomicroscopy in dogs with
cataracts. Frontiers in veterinary. Science. (2023) 10:10. doi: 10.3389/fvets.2023.
1247127

25.Swaminathan SS, Oh DJ, Kang MH, Rhee DJ. Aqueous outflow: segmental and
distal flow. J Cataract Refract Surg. (2014) 40:1263-72. doi: 10.1016/j.
jcrs.2014.06.020

26. Johnstone MA. CHAPTER 3 - aqueous humor outflow system overview. In: RL
Stamper, MF Lieberman and MV Drake, editors. Becker-Shaffer's diagnosis and therapy
of the Glaucomas. Eighth ed. Edinburgh: Mosby (2009). 25-46.

27.Johnson M, McLaren JW, Overby DR. Unconventional aqueous humor outflow: a
review. Exp Eye Res. (2017) 158:94-111. doi: 10.1016/j.exer.2016.01.017

28. Alm A, Nilsson SFE. Uveoscleral outflow — a review. Exp Eye Res. (2009) 88:760-8.
doi: 10.1016/j.exer.2008.12.012

29. Rithli MB, Spiess BM. Goniodysplasia in the Bouvier des Flandres. Schweiz Arch
Tierheilkd. (1996) 138:307-11.

30.Read RA, Wood JL, Lakhani KH. Pectinate ligament dysplasia (PLD) and
glaucoma in flat coated retrievers. I. Objectives, technique and results of a PLD survey.
Vet Ophthalmol. (1998) 1:85-90. doi: 10.1046/j.1463-5224.1998.00019.x

31.van der Linde-Sipman JS. Dysplasia of the pectinate ligament and primary
glaucoma in the Bouvier des Flandres dog. Vet Pathol. (1987) 24:201-6. doi:
10.1177/030098588702400301

32. Oliver JA, Ekiri A, Mellersh CS. Prevalence and progression of pectinate ligament
dysplasia in the welsh springer spaniel. J Small Anim Pract. (2016) 57:416-21. doi:
10.1111/jsap.12497

33. Dubin AJ, Bentley E, Buhr KA, Miller PE. Evaluation of potential risk factors for
development of primary angle-closure glaucoma in Bouviers des Flandres. ] Am Vet Med
Assoc. (2017) 250:60-7. doi: 10.2460/javma.250.1.60

34. Gelatt KN, MacKay EO. Prevalence of the breed-related glaucomas in pure-bred
dogs in North America. Vet Ophthalmol. (2004) 7:97-111. doi: 10.1111/j.1463-5224.
2004.04006.x

35. Kato K, Sasaki N, Matsunaga S, Nishimura R, Ogawa H. Incidence of canine
glaucoma with goniodysplasia in Japan: a retrospective study. J Vet Med Sci. (2006)
68:853-8. doi: 10.1292/jvms.68.853

36. Slater MR, Erb HN. Effects of risk factors and prophylactic treatment on primary
glaucoma in the dog. J Am Vet Med Assoc. (1986) 188:1028-30.

37. Vajaranant TS, Nayak S, Wilensky JT, Joslin CE. Gender and glaucoma: what
we know and what we need to know. Curr Opin Ophthalmol. (2010) 21:91-9. doi:
10.1097/ICU.0b013e3283360b7e

38.Tsai S, Bentley E, Miller PE, Gomes FE, Vangyi C, Wiese A, et al. Gender
differences in iridocorneal angle morphology: a potential explanation for the female
predisposition to primary angle closure glaucoma in dogs. Vet Ophthalmol. (2012)
15:60-3. doi: 10.1111/j.1463-5224.2011.00956.x

39. Narayanaswamy A, Sakata LM, He MG, Friedman DS, Chan YH, Lavanya R, et al.
Diagnostic performance of anterior chamber angle measurements for detecting eyes
with narrow angles: an anterior segment OCT study. Arch Ophthalmol. (2010)
128:1321-7. doi: 10.1001/archophthalmol.2010.231

40. Morrison JC, Van Buskirk EM. The canine eye: pectinate ligaments and aqueous
outflow resistance. Invest Ophthalmol Vis Sci. (1982) 23:726-32.

41.Kim SA, Shim J, Kang S, Seo K. Inter-device agreement between spectral domain
optical coherence tomography, ultrasound biomicroscopy, and gonioscopy in evaluating
the iridocorneal angle in normotensive dogs. J Vet Sci. (2023) 24:e34. doi: 10.4142/
jvs.22241

frontiersin.org


https://doi.org/10.3389/fvets.2024.1476746
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.cvsm.2015.06.006
https://doi.org/10.1016/j.cvsm.2015.06.006
https://doi.org/10.1016/j.cvsm.2015.06.002
https://doi.org/10.1167/iovs.09-4081
https://doi.org/10.1038/s41598-022-23238-1
https://doi.org/10.2174/1874364101004010052
https://doi.org/10.1111/vop.13138
https://doi.org/10.1111/j.1748-5827.1985.tb02216.x
https://doi.org/10.1111/vop.12802
https://doi.org/10.2460/ajvr.1991.52.11.1875
https://doi.org/10.2460/ajvr.1991.52.11.1875
https://doi.org/10.1046/j.1463-5224.2002.00213.x
https://doi.org/10.2460/javma.1998.213.05.635
https://doi.org/10.1016/S0033-8389(05)70230-X
https://doi.org/10.1016/S0161-6420(91)32298-X
https://doi.org/10.2460/javma.2003.223.1617
https://doi.org/10.1371/journal.pone.0111873
https://doi.org/10.1292/jvms.15-0311
https://doi.org/10.1016/j.cvsm.2015.06.005
https://doi.org/10.1111/j.1748-5827.1977.tb05830.x
https://doi.org/10.1016/S0034-5288(18)30595-2
https://doi.org/10.1111/vop.12098
https://doi.org/10.1292/jvms.09-0507
https://doi.org/10.29261/pakvetj/2019.002
https://doi.org/10.3389/fvets.2023.1247127
https://doi.org/10.3389/fvets.2023.1247127
https://doi.org/10.1016/j.jcrs.2014.06.020
https://doi.org/10.1016/j.jcrs.2014.06.020
https://doi.org/10.1016/j.exer.2016.01.017
https://doi.org/10.1016/j.exer.2008.12.012
https://doi.org/10.1046/j.1463-5224.1998.00019.x
https://doi.org/10.1177/030098588702400301
https://doi.org/10.1111/jsap.12497
https://doi.org/10.2460/javma.250.1.60
https://doi.org/10.1111/j.1463-5224.2004.04006.x
https://doi.org/10.1111/j.1463-5224.2004.04006.x
https://doi.org/10.1292/jvms.68.853
https://doi.org/10.1097/ICU.0b013e3283360b7e
https://doi.org/10.1111/j.1463-5224.2011.00956.x
https://doi.org/10.1001/archophthalmol.2010.231
https://doi.org/10.4142/jvs.22241
https://doi.org/10.4142/jvs.22241

	Quantitative analysis of iridocorneal angle and ciliary cleft structures in canine eyes using ultrasound biomicroscopy
	1 Introduction
	2 Materials and methods
	2.1 Clinical information
	2.2 UBM examination
	2.3 Grading of the relative opening of the iridocorneal angle
	2.4 Statistical analysis

	3 Results
	3.1 The distribution of the relative opening of the iridocorneal angle
	3.2 Canine characteristics
	3.3 Comparative analysis of ICA, CCW, CCL, and CCA between narrow and open groups
	3.4 Regression analysis outcomes across combined narrow and open groups
	3.5 Regression analysis outcomes in narrow groups
	3.6 Regression analysis outcomes in open groups

	4 Discussion

	References

