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Diagnosis and quantification of ischemia in ocular burns is essential to determine the need for interventions in the acute
phase and the final prognosis. Clinical signs in isolation are rarely sufficient to accurately assess limbal ischemia. With
anterior segment optical coherence tomography angiography (AS-OCTA), the presence and extent of ischemia can be
objectively confirmed and quantified.
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| 1. Introduction

Ocular burns can present with a myriad of clinical manifestations in the acute phase. The grade of injury and the extent of
ocular structures involved often determines the type and severity of the chronic sequelae that ensue. Limbal stem cell
deficiency (LSCD) is one such chronic feature that can cause significant visual morbidity due to the corneal scarring and
vascularization that occurs in its end stages &. The development of this pathology is usually heralded by the presence of
limbal ischemia in the acute phase of the disease [&. The detection and grading of this finding can help identify those
individuals who are at a higher risk of developing LSCD. This cohort of patients can then be subjected to regular
monitoring which will facilitate early identification and treatment of LSCD to prevent its complications and restore visual
function.

However, the diagnosis of ischemia in the acute phase is based on subjective clinical findings which are often difficult to
discern in an inflamed eye . Thus, the adoption of diagnostic tools can provide an objective method of confirming
ischemia of the limbal vasculature and assessing its progression. An anterior segment optical coherence tomography (AS-
OCT) is usually available in most anterior segment practices and provides rapid, high-definition images of sections of the
cornea with relative ease . The utility of its angiography feature (AS-OCTA) has recently been explored to detect
ischemia in acute burns as it can provide a real time in-vivo image of the limbal and perilimbal vasculature ¥I3]. The use of
image processing software has also aided in objectively quantifying the degree of vascular changes observed .

2. Principle and Technology of Optical Coherence Tomography
Angiography (OCTA)

2.1. Principle

Optical coherence tomography (OCT) measures the signal of backscattered low coherence light incident on the area of
interest and uses it to construct sectional and en-face images of different structures of the eye [ The angiography
images are created by obtaining multiple b-scans of the same section over a period of time and assessing the difference
in the signal of each scan . This difference is attributed to the movement of erythrocytes within the blood vessels, and by
removing the signal from the static surrounding structures, an angiography image is produced by isolating the temporal
changes in these dynamic signals 19, Several algorithms are employed to facilitate the same which include the full
spectrum or split spectrum amplitude decorrelation angiography (FS or SSADA), optical microangiography (OMAG),
intensity ratio analysis (OCTA-RA), etc. They assess the change in the phase of the signal, its amplitude, or both 19!,

In SSADA, smaller spectral bands of light are created from the full spectrum and individual analysis is carried out in each
band and then averaged . This contrasts with FSADA where the full spectrum is analyzed as a whole. Thus, the
SSADA produces images that have a better ratio of signal to noise. However, this is at the expense of axial resolution and
this disadvantage is overcome by the OMAG and OCTA-RA algorithms. The former uses both phase and amplitude



differences for its images while the latter is independent of the decorrelation principle and assesses the maximum and
minimum signal intensity measured between two frames [22[3]124]

2.2. Technology

Broadly, the OCT machines can be classified as time-domain and Fourier-domain machines ¥l. The current OCTA
machines are all Fourier-domain based and consist of the spectral domain {AngioVue (Optovue, Inc., Fremont, CA, USA),
Angioscan (Nidek Co., Ltd., Gamagori, Aichi, Japan)} and swept-source OCTA systems {Triton DRI-OCT (Topcon
Corporation, Tokyo, Japan), PLEX Elite Prototype 9000 (Carl Zeiss Meditec, Dublin, CA, USA)}. The swept-source OCTAs
have a longer wavelength (1050 nm) which improves the depth of structures imaged 1. This, in combination with a faster
speed of scan acquisition (200,000 scans/s), helps improve the resolution and provides a wider field of view [4.
Additionally, the eye tracking software of PLEX Elite is unique to anterior segment devices and can help decrease the
artifacts produced . However, the images procured by the AngioVue system have the highest axial and lateral resolution
of 5 and 15 pm, respectively [, Its speed of acquisition is also the highest at 3—4 s per scan because of which the motion
artifacts generated with this device are the least. In comparison with dye-based angiography, both AngioVue and
Angioscan machines were found to be comparable, yielding quantifying parameters that correlated well with each other
(L6J17[18I[19]  Although the inter-device values correlate well with each other, the absolute values were found to be greater
with AngioVue, implying that these inter-system values cannot be compared with each other 24, AS-OCTA can not only
confirm the presence or absence of vasculature but can also reliably and accurately detect changes in vessel caliber (€],

3. Comparison with Fluorescein Angiography (FA) and Indocyanine Green
Angiography (ICG)

The most important factor that sets OCTA apart from its counterpart vessel-imaging modalities is its non-invasive nature
as it is not dependent on the use of a dye 2122 Thijs obviates the injection-associated trauma and dye-associated risks
such as nausea, vomiting, and, rarely, anaphylaxis 23241 By avoiding the use of an external dye, the time taken for the
angiography is significantly decreased with the use of OCTA which is especially desirable in patients with painful disorders
such as acute burns. The test can be repeated multiple times without any need for recurrent dye injections. Additionally,
the ischemic zones may be obscured by leakage of the dye from the inflamed vessels in these eyes and this
disadvantage is circumvented with OCTA [23],

The use of light in the infrared wavelength by the OCTA provides an added advantage as the device can image vessels
beneath hemorrhages from superficial conjunctival vessels 8128, This is of particular significance in eyes with acute burns
as these traumatic sub-conjunctival hemorrhages (SCH) are common and may mask areas of ischemia when viewed via
conventional angiographic techniques. However, shadow artifacts can also be seen in AS-OCTA images due to these
hemorrhages. This contrast has been depicted in Figure 1 where in the inferior area the vasculature is obscured by the
SCH. At the same time in the region abutting the inferior limbus, the vasculature is clear despite the presence of the SCH.
One possible explanation for this discrepancy can be the relative position of the SCH when compared to the vessels. Very
superficial and large hemorrhages may block the view of all the underlying vessels as opposed to deeper SCH which may
allow the imaging of vessels overlying the hemorrhage.
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Figure 1. (A-R) Serial monitoring with slit lamp photographs (without and with fluorescein staining) along with anterior

segment optical coherence tomography angiography (AS-OCTA) imaging in an eye with acute chemical burns. (A-L)
These images show the progressive healing of the corneal and conjunctival epithelial defects in the inferior part of the eye
which is complete by day 7. (M-R) AS-OCTA images show a blocked signal in the initial three visits due to the
subconjunctival hemorrhages inferiorly (blue arrow heads) with clear delineation of the vasculature following the resolution



of the hemorrhages. The hemorrhages abutting the limbus, however, have not affected the vascular signal (yellow arrow
heads).

The infrared wavelength of light also allows for better patient comfort and has a good safety profile as well [,
Localization of the exact depth of a vascular lesion is now feasible because OCTA allows segmentation of different layers
of the imaged vessels (181281291 Thijs is in contrast to FA and ICG which generate a composite two-dimensional image.
The major drawback of OCTA when compared to the traditional angiography tools lies in its inability to identify the flow
characteristics and thus, patterns of leakage, the difference between afferent and efferent systems, etc. cannot be
captured with OCTA BB |n the context of ocular burns, this is relevant as images from OCTA may not distinguish
vasospasm from true ischemia and thus caution must be exercised during interpretation of OCTA scans. Furthermore, the
field of view is larger in FA and ICG and multiple scans would be required by OCTA to cover the same surface area Bl24],
As OCTA images are derived from the motion of blood cells, this process can be confounded by motion originating from
other sources, such as movements of the patient's eyes or head. Although the eye tracking feature of retinal OCTA can
counteract these artifacts, its incorporation in anterior segment images has not been completely established.
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