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Ultrasound biomicroscopy of the equine iridocorneal angle
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2Department of Surgical and Radiological Sciences, School of Veterinary Medicine, University of 
California-Davis, Davis, CA, USA
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Summary

Background: The iridocorneal angle (ICA) is the major pathway of aqueous humor outflow 

from the anterior chamber of the eye. Ultrasound biomicroscopy (UBM) has been utilized to 

characterize the morphology of this drainage pathway in numerous species. UBM may allow for 

early recognition of aqueous humor outflow obstructions in horses, allowing for earlier recognition 

of risk for glaucoma, a vision-threatening and painful disease. UBM morphology of the normal 

equine ICA has yet to be described.

Objectives: To determine the ultrasonographic morphology of the equine ICA by UBM in 

standing sedated horses.

Study design: In vivo experimental study.

Methods: 30 healthy adult horses underwent UBM of the ICA at 4 locations (superior, temporal, 

inferior, nasal) of each eye utilizing standing sedation, topical anesthesia, and auriculopalpebral 

perineural anesthesia. Anatomic structures were defined on ultrasound images through comparison 

to published histologic photomicrographs of the equine ICA.

Results: Ultrasound imaging of the ICA at all 4 locations was easily performed in standing, 

sedated horses. High-resolution images of the ICA allowed for identification of the pectinate 

ligament, corneoscleral trabecular meshwork (TM), uveal TM, and supraciliary TM.
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Main limitations: Pupil size was midrange in all eyes but was not strictly controlled. Lighting 

conditions not controlled. Various breeds included.

Conclusion: In vivo UBM of the equine ICA is feasible and provides high-resolution images of 

the structures of the aqueous humor outflow pathway.
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Introduction

The iridocorneal angle (ICA) of the eye is a complex structure through which aqueous 

humor exits the anterior chamber. Obstruction of aqueous humor outflow at this location 

is a common cause of ocular hypertension and resultant glaucoma, a blinding and painful 

disease. Despite glaucoma being a consistently recognized and difficult to manage vision-

threatening ocular disease in horses, tools for early detection and effective long-term 

treatment are lacking. Though most commonly attributed to equine recurrent or chronic 

uveitis, non-uveitic glaucomas including congenital, primary, and senile glaucoma occur in 

horses and are likely underdiagnosed.1–6

While tonometry remains the most utilized diagnostic to assess for glaucoma, intraocular 

pressure elevation occurs at late stages of obstruction of aqueous humor outflow, and tools 

to assess for early aqueous humor outflow obstruction are needed. Early assessment of risk 

for glaucoma could allow for implementation of interventions that may prolong vision and 

comfort. Ultrasound biomicroscopy (UBM) has been utilized to assess the morphology of 

the ICA in numerous species including rabbits,7 dogs,8–13 and people.14,15 Use of UBM to 

evaluate risk for intraocular pressure elevations and mechanisms of glaucoma is becoming 

more prevalent in veterinary ophthalmology.16–18

The objective of this study was to determine the feasibility of performing UBM to assess the 

morphology of the ICA in standing sedated horses. Additionally, this study aimed to identify 

anatomic structures of the ICA visible on the resultant high-resolution ultrasonographic 

images. Finally, the study aimed to produce reference images of normal equine ICAs for 

comparison to clinical cases.

Materials and Methods

Animals

A previous study identified minimal variation in measurements of central corneal thickness 

obtained via UBM in a sample of 50 eyes of juvenile horses of varying ages.19 Based on this 

and the expectation that there would be less variation in interindividual ocular parameters of 

fully mature horses, a sample of 60 eyes was predicted to provide an adequate sample size 

for determination of normal morphology of the equine anterior segment as determined by 

UBM.
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Thirty healthy adult research horses (15 mares, 15 geldings) with a mean age 14.4 ± 5.0 

years of various breeds (Thoroughbred (12), Quarter Horse (12), Warmblood (3), American 

Paint Horse (2), and Lusitano (1)) were included. Horses were group-housed on dry lots 

and all resided at the same facility. Medical history was known for all horses and none 

had prior documentation of ocular disease. Included horses had no evidence of ocular 

disease on complete ophthalmic examination including pre- and post-dilation slit lamp 

biomicroscopy with an SL-17 Portable Slit Lampa and indirect ophthalmoscopy using a 

14-diopter condensing lensb. Intraocular pressures were estimated using rebound tonometry 

with a TonoVet Plus®c, and were within the range of 15–25 mmHg in both eyes of all 

horses. The complete ophthalmic examination to determine inclusion was performed at least 

7 days prior to image acquisition. Pupillary dilation for this examination was achieved with 

1% tropicamide ophthalmic solutiond, which has a duration of 12 hours in horses.20 No 

pupils remained dilated at the time of UBM image acquisition. Intraocular pressure was 

re-assessed in all eyes on the day of UBM image acquisition and remained within the range 

of 15–25mmHg in all included eyes.

Ultrasound biomicroscopy and image analysis

Horses were sedated with intravenous detomidine hydrochloridee (0.01 mg/kg 

intravenously) and positioned with their head on a stand with the head above the heart in a 

normal carriage position. Auriculopalpebral perineural anesthesia was performed bilaterally 

with 2% lidocaine hydrochloridef. Corneal anesthesia was provided with 0.5% tetracaine 

hydrochlorideg. The eyelids were manually retracted. Imaging was performed in a covered 

barn, though lighting conditions were not directly controlled. Pupil size was assessed as 

midrange in all horses and no mydriatic nor miotic medications were utilized. Images were 

acquired by one of two authors (KEK or SK) with each author performing imaging on 

fifteen horses.

A commercially available ultrasound biomicroscope Compact Touch STS UBMh, with a 

50-MHz linear transducer probe fitted with a ClearScan® probe coveri filled with sterile 

water was used to acquire images of both eyes of each included horse. Optixcare® Eye 

Lubej, was used as a coupling agent. Transcorneal ultrasonography was performed and 

images of the superior, temporal, inferior, and nasal iridocorneal angle were obtained in 

triplicate. The probe was oriented perpendicular to the limbus and placed perpendicular to 

the globe such that the corneal epithelium, Descemet’s membrane, and anterior lens capsule 

were of similar echogenicity ensuring a non-obliqued image. Acquired ultrasound images 

were reviewed and compared to published histologic photomicrographs21,22 of the equine 

ICA for anatomic structure identification.

Manufacturers’ addresses
a Kowa Optimed Inc., Torrance, CA, USA
b Volk, Mentor, OH, USA
c iCare Finland Oy, Helsinki, Finland
d Alcon Laboratories Inc., Fort Worth, TX, USA
e Dormosedan®, Zoetis Inc., Parsippany, NJ, USA
f VetOne, Boise, ID, USA
g Bausch & Lomb, Tampa, FL, USA
h Quantel Medical, France
i ESI Inc., Plymouth, MN, USA
j CLC MEDICA, Ontario, Canada
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Results

High-resolution images of the superior, temporal, inferior, and nasal iridocorneal angle were 

readily obtained in each eye of each included horse. Images of the superior and temporal 

regions of the ICA were easiest to obtain with minimal manual eyelid retraction (Fig. 1). 

The nasal and inferior regions of the ICA were on occasion slightly more challenging 

to image due to skull conformation and the position of the inferior and third eyelids. 

However, it was possible to acquire images in all horses at these locations by tilting the head 

(ipsilateral ear towards examiner, nose away from examiner) and further manually retracting 

the inferior eyelid. Image acquisition was well-tolerated in all horses.

Identifiable structures within the ICA included the pectinate ligament, corneoscleral 

trabecular meshwork, uveal trabecular meshwork, and the supraciliary trabecular meshwork 

(Fig. 2). The ultrasonographic appearance of the ICA differed based on the region in which 

the images were obtained. The nasal and temporal ICA had very similar morphology which 

differed slightly in appearance from that of the superior and inferior ICA (Fig 3). In the 

superior and inferior regions, the corneoscleral junction (limbus) has a less acute angle, and 

the scleral portion of the limbus extends further axially than it does temporally and nasally. 

A regionally similar morphologic appearance to the ICA at each of the examined locations 

was identified in all sixty eyes of the thirty included horses, indicating minimal structural 

variability of the equine ICA in normal eyes. Additional structures that were reliably imaged 

included the third eyelid (nasal and inferior locations), cornea, sclera, anterior chamber, iris, 

corpora nigra (superior and inferior locations) and lens.

Discussion

The present study identified that in vivo UBM imaging of the equine ICA is feasible 

and noninvasive, allowing for evaluation of structures in high-resolution that were 

previously only assessable histologically following enucleation. The pectinate ligament, 

corneoscleral trabecular meshwork, uveal trabecular meshwork, and supraciliary trabecular 

meshwork were repeatedly identifiable using UBM in sedated horses. The regionally similar 

morphologic appearance of the ICA at each of the examined locations in all the study 

horses suggests that there is not a high degree of variability in the general ultrasonographic 

appearance of the ICA in clinically normal horses. Additionally, image acquisition was 

performed by two different examiners with very similar results, indicating that consistency 

of images across examiners is achievable. As such, detection of major morphologic 

differences from these representative images can be interpreted as abnormal. Imaging 

of the ICA of horses with clinical disease predisposing to aqueous outflow obstruction, 

ocular hypertension, and glaucoma will be useful in furthering our understanding of the 

morphologic changes the ICA may undergo in these disease states.

Investigations into the equine aqueous humor outflow pathways began more than 30 

years ago with a microsphere model demonstrating outflow via both the conventional 

(corneoscleral trabecular meshwork → angular aqueous plexus → intrascleral venous 

plexus) and unconventional (uveal trabecular meshwork → supraciliary space → 
suprachoroidal space) pathways.23,24 The histologic features of the normal equine 
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iridocorneal angle were subsequently described, and the ICA was found to be continuous 

with a well-defined meshwork of trabeculae between the sclera and ciliary body, termed 

the supraciliary trabecular meshwork.21 An additional histologic study confirmed the unique 

structure of the long and broad trabeculae of the equine pectinate ligament and proposed 

that due to the robust nature of the pectinate ligament trabeculae and trabecular meshwork, 

collapse of the ciliary cleft would be practically impossible.22 A subsequent histologic study 

on glaucomatous equine globes documented collapse of the ciliary cleft in over 50% of 

the examined cases,5 indicating that structural changes to the ICA do occur with glaucoma. 

Based on the high-resolution images obtained in the present study, such changes should be 

identifiable in vivo using UBM. The ability to document such changes to the ICA early on 

should allow for earlier implementation of vision-prolonging therapies.

Critical evaluation of the directly visible nasal and temporal aspects of the ICA of the horse 

remains an important part of the ophthalmic examination. However, this assessment is very 

limited as the view is segmental and only the anterior-most aspects of the pectinate ligament 

trabeculae can be seen. UBM provides detailed information about the morphology of the 

more posterior structures of the ICA and may allow for early recognition of aqueous humor 

outflow obstructions. UBM imaging of the ICA is applicable for horses with documented 

elevated intraocular pressure or glaucoma, recurrent or chronic uveitis, corneal edema, 

and those who will undergo phacoemulsification or other intraocular surgical procedures. 

Referral to a specialty center with the ability to perform UBM is appropriate for such cases. 

In addition to imaging of the iridocorneal angle, UBM is also useful for evaluation of ocular 

surface and anterior segment masses as well as other corneal, scleral, and lens disorders.9,25 

As UBM requires contact with the globe, it should be avoided in fragile globes.

Limitations

A limitation of this study was that lighting conditions and thus pupil size were not strictly 

controlled, and as such measurements of the iridocorneal angle could not be reliably 

performed. The peripheral iris, pectinate ligament and adjacent structures of the iridocorneal 

angle are intimately associated, and as such, pupil size can impact ICA morphology. Images 

were obtained in horses with a mid-range pupil and the morphology of the ICA in an eye 

with a miotic or mydriatic pupil may differ. An additional limitation of this study was 

the inclusion of various breeds, which may have subtle differences in iridocorneal angle 

morphology

Conclusions

Utilization of UBM to assess the equine ICA is a practical technique that provides high-

resolution images of the structures of the aqueous humor outflow pathway. Consistently 

identifiable structures include the pectinate ligament trabeculae and the corneoscleral, uveal, 

and supraciliary trabecular meshworks.
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Figure 1. 
Photograph depicting the Compact Touch STS UBM 50 MHz linear transducer fitted with 

a ClearScan® probe cover filled with sterile water applied to the equine eye. The horse 

is sedated with the head resting on a head stand, topical and auriculopalpebral perineural 

anesthesia have been applied, and the eyelids are gently manually retracted.
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Figure 2. 
Representative ultrasound biomicroscopy image of the nasal iridocorneal angle (a) of the 

eye of a normal adult horse obtained at the location of the yellow line indicated in the 

clinical image (b). The trabeculae of the pectinate ligament are clearly identifiable, as are 

the corneoscleral, uveal, and supraciliary trabecular meshwork (TM). Note that at this nasal 

location the third eyelid is within view but does not interfere with imaging of the ICA. In 

(b), note that the anterior aspect of the pectinate ligament is visible nasally and temporally 

but cannot be seen superiorly and inferiorly. The pupil was midrange.
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Figure 3. 
Representative ultrasound biomicroscopy images of the nasal, superior, temporal, and 

inferior iridocorneal angle of the normal adult horse. Images from three different horses 

are included to demonstrate subtle individual differences in morphology. Note that in the 

superior and inferior images, the corneoscleral junction (limbus) extends further axially than 

in the nasal and temporal locations. The corpora nigra are seen in the superior and inferior 

locations. The pupil was midrange.
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