
Ocular Immunology and Inflammation

ISSN: 0927-3948 (Print) 1744-5078 (Online) Journal homepage: www.tandfonline.com/journals/ioii20

The Next Steps in Ocular Imaging in Uveitis

Alessandro Marchese, Maria Vittoria Cicinelli, Alessia Amato, Francesco
Bandello, Vishali Gupta, Elisabetta Miserocchi & Aniruddha Agarwal

To cite this article: Alessandro Marchese, Maria Vittoria Cicinelli, Alessia Amato, Francesco
Bandello, Vishali Gupta, Elisabetta Miserocchi & Aniruddha Agarwal (2023) The Next Steps
in Ocular Imaging in Uveitis, Ocular Immunology and Inflammation, 31:4, 785-792, DOI:
10.1080/09273948.2022.2055579

To link to this article:  https://doi.org/10.1080/09273948.2022.2055579

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

Published online: 12 Apr 2022.

Submit your article to this journal 

Article views: 1841

View related articles 

View Crossmark data

Citing articles: 6 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ioii20

https://www.tandfonline.com/journals/ioii20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09273948.2022.2055579
https://doi.org/10.1080/09273948.2022.2055579
https://www.tandfonline.com/action/authorSubmission?journalCode=ioii20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ioii20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09273948.2022.2055579?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09273948.2022.2055579?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/09273948.2022.2055579&domain=pdf&date_stamp=12%20Apr%202022
http://crossmark.crossref.org/dialog/?doi=10.1080/09273948.2022.2055579&domain=pdf&date_stamp=12%20Apr%202022
https://www.tandfonline.com/doi/citedby/10.1080/09273948.2022.2055579?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/09273948.2022.2055579?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=ioii20


INVITED REVIEW
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aDepartment of Ophthalmology, School of Medicine, Vita-Salute San Raffaele University, Milan, Italy; bDepartment of Ophthalmology, IRCCS San 
Raffaele Scientific Institute, Milan, Italy; cDepartment of Ophthalmology, Postgraduate Institute of Medical Education and Research (PGIMER), 
Chandigarh, India; dDepartment of Ophthalmology, The Eye Institute, Cleveland Clinic Abu Dhabi, Abu Dhabi, United Arab Emirates (UAE)

ABSTRACT
Purpose: To describe the future steps and advances in the field of ocular imaging in uveitis
Methods: Narrative review
Results: There have been numerous advances in the field of imaging in uveitis in the past decade. 
Advanced techniques of imaging of the vitreous, vitreo-retinal interface, retinochoroid, and the sclera can 
provide significant information that helps in understanding the disease pathogenesis and manifestations. 
Imaging also helps in establishing a diagnosis in challenging cases, along with the laboratory and other 
assays. Notable developments in ocular imaging include wide-field and ultra-wide field imaging (includ
ing angiographies), automated quantification of the retinochoroidal vasculature using optical coherence 
tomography (OCT) and OCT angiography, quantification of vitreous cells, and intraoperative use of 
imaging in uveitis, among others.
Conclusions: We have summarized several technological achievements in ocular imaging in the field of 
uveitis and provided insights into the potential future developments.

ARTICLE HISTORY 
Received 27 November 2021  
Revised 7 February 2022  
Accepted 15 March 2022 

KEYWORDS 
Choroid; fluorescein 
angiography; imaging; 
optical coherence 
tomography; quantification; 
uveitis

Uveitis is a potentially sight-threatening condition respon
sible for about 10–15% of cases of legal blindness in the 
USA and up to 25% of cases of legal blindness in the 
developing world.1 Considering its burden, efficient man
agement of uveitis depends on proper classification and 
grading of the severity.

Several novel diagnostic and therapeutic resources for 
uveitis specialists have been introduced in the last decade, 
and others are in the pipeline in the upcoming years. On 
the one hand, state-of-the-art imaging devices have now 
been regularly employed in the clinical practice and have 
ushered a new era into the depiction of the retinal periph
ery and its vascular system.2,3 New sequencing and mole
cular tools have been developed, leading to a sensitive, 
unbiased, and comprehensive approach to the diagnosis of 
uveitis.4

Despite continuous efforts in improving and standardizing the 
management of ocular inflammatory diseases, there are still unad
dressed issues to be solved. Imaging of the retinal periphery has 
been limited so far by optical distortions, poor imaging definition, 
motion artifacts, narrow depth penetration, and increased scan 
time. Notwithstanding proposed standardized severity scales,5 the 
grading of uveitis is currently assessed by slit-lamp examination 
and it is subjective and open to interobserver variation.6,7

The scope of this paper is to review the next steps in 
diagnosing, classifying, and treating patients with uveitis. 
Innovative approaches include the application of new imaging 
modalities to the clinical practice, as well as the development of 
novel applications of conventional ocular imaging and digital 

elaboration of conventional data (such as artificial intelli
gence). The final scope of these advancements is to design 
specific imaging-based diagnostic and treatment algorithms 
for the standardized, replicable management of uveitis among 
different practices and populations.

Applications of new imaging modalities

Posterior uveitis can be present with widespread involvement 
of the retina, including the far periphery. Although peripheral 
lesions might not affect central vision, their evaluation gives 
information for the differential diagnosis and contributes to 
detecting uveitis activity. Therefore, meticulous examination of 
the retinal mid- and far periphery may substantially impact the 
treatment and the prognosis of the underlying disease. Until 
recently, the field of view of conventional imaging devices have 
limited the study of peripheral lesions. The advent of ultra- 
widefield optical coherence tomography (UWF-OCT) devices 
and widefield OCT angiography (OCTA) have provided new 
information about the retinal and choroidal peripheral lesions 
and their associated vascular changes.

Ultrawide field optical coherence tomography (OCT)

Optos Silverstone UWF camera (Optos PLC; Dunfermline, 
UK) has embedded a swept-source OCT device with a 1,050- 
nm wavelength, a < 7-micron axial resolution, and a 100,000 
A scans per second scanning speed. The scan is registered onto 
a 200° single-capture scanning laser ophthalmoscope red/green 
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pseudo-colored UWF image and allows to scan the retina in 
a relatively fast, reliable, and straightforward manner.8 In 
a series of 125 eyes, only 2% had pathologies that were not 
accessible by the UWF-OCT device.8

The vitreous, the vitreoretinal interface, the retinal 
layers, and the choroid can be clearly visualized up to and 
beyond the anterior border of the vortex veins. Figure 1 
shows a patient with fungal endophthalmitis; UWF-OCT 
shows vitritis and a white infiltrate on the surface of the 
retina, invading the vitreous chamber.9 Figure 2 shows 
a patient with syphilitic .retinochoroiditis UWF-OCT con
tributed to establishing the activity of inflammation, reveal
ing subretinal hyper-reflective material associated with 
active choroiditis. Figure 3 shows the UWF-OCT scan of 
a patient with birdshot retinochoroiditis and Figure 4 that 
of toxoplasma retinochoroiditis in an immunocompromised 
patient.

The use of this new tool has the potential to expand 
our understanding of various posterior-segment inflam
matory diseases and to monitor the response to treatment.

Widefield optical coherence tomography angiography 
(OCTA)

Many reports have been published so far on the usefulness of 
OCTA in uveitis regarding patients with ischemic retinal vasculi
tis, choroiditis, and neovascular complications of uveitis.10–13 

OCTA devices have been improving in speed, field of view, and 
image quality, increasing their utility and application in clinical 
practice. OCTA segmentation software has also been becoming 
increasingly precise.

Alongside, widefield OCTA has been introduced to overcome 
the narrow field of view of traditional OCTA imaging devices. 
Widefield OCTA detects vascular perfusion abnormalities, per
ipheral vasculitis, and mid-peripheral choroidal granuloma.11,14 

Given its potential in detecting retinal and choroidal pathology, 
widefield OCTA may potentially replace invasive dye imaging 
modalities such as fluorescein angiography and indocyanine 
green angiography in diagnosing and monitoring inflammatory 
retinal diseases. Improvements in speed, quality and field of view 
of OCTA devices are still required for a broader diffusion of this 
technique in uveitis.

Figure 1. Candida endophthalmitis. Ultra-widefield pseudocolor shows vitritis and a white infiltrate on the surface of the retina, invading the vitreous chamber. The 
optical coherence tomography of infiltrate confirms its proximity to the retina.

Figure 2. Syphilitic retinochoroiditis; Ultra-widefield pseudocolor shows multiple foci of choroiditis and optical coherence tomography reveals active inflammation 
associated with subretinal hyper-reflective material.

786 A. MARCHESE ET AL.



Novel applications of conventional ocular imaging

Quantification of vitritis

OCT imaging in uveitis has been focused so far on the retinal 
morphology, evaluating the presence of retinal and choroidal 
inflammatory lesions, macular edema, epiretinal membrane, 
and macular neovascularization and their response to 
treatment.15–19 More recently, OCT scans have been employed 
to study the choroid and its quantitative metrics; the choroidal 
thickness and the choroidal vascularity index correlate with 
disease activity in posterior uveitis.20–27

The OCT scans have also been applied to objective vitritis 
quantification. Since the Standardization of Uveitis 
Nomenclature (SUN) Workshop in 2005,5 the gold standard 
for measuring vitreous haze has been the National Eye Institute 

vitreous haze (NEI VH) scale.28 In this system, the fundus is 
compared with a set of six photographs and scored accord
ingly. Though recognized as a surrogate endpoint by the Food 
and Drug Administration (FDA) and the European Medical 
Agency (EMA), the NEI VH scale is subjective and based on 
a non-continuous grading system. Furthermore, it is flawed by 
moderate interobserver agreement and poor discriminatory 
capacity at lower levels of vitreous haze. To overcome these 
limitations, more objective instrument-based systems, such as 
retinal photography and OCT, have been proposed for mea
suring vitritis.29 Retinal photography has been implemented 
into a 9-point scale (i.e., the Miami scale) using calibrated 
filters to blur fundus photographs,30 allowing to detect more 
subtle differences within grades compared to the 6-point NEI 
VH scale in an operator-independent fashion.30,31

Figure 4. Toxoplasma retinochoroiditis in an immunocompromised patient. Ultra-widefield pseudocolor shows active patches of retinochoroiditis, which appears 
hyperreflective on optical coherence tomography. The presence of toxoplasma was confirmed by polymerase chain reaction (PCR) on an aqueous tap. The image in the 
bottom right shows the healed retinochoroiditis.

Figure 3. Birdshot retinochoroiditis. Ultra-widefield pseudocolor shows perivascular sheathing of retinal vessels; fluorescein angiography reveals diffuse retinal vasculitis 
and papillitis; indocyanine green angiography shows hypofluorescent foci of choroiditis, correspond to large hyporeflective areas within the choroid (asterisks) on 
optical coherence tomography (green line).
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OCT scans have been used to derive continuous indices of 
vitritis by measuring the vitreous signal intensity, such as the 
Vitreous/RPE-relative intensity (VRI). The VRI is calculated as 
the absolute vitreous signal normalized to the RPE signal, 
which compensates for global reduction in the signal strength 
deriving in the case of media opacities.32 The VRI is higher in 
eyes with active uveitis, positively correlates with vitreous 
opacity detected on dilated fundus exam,32 and sensitively 
changes in response to steroid treatment.33 This method is 
currently under validation; it is replicable under different ima
ging conditions34 and recent adjustments, based on a fully 
automated algorithm, have been proposed to improve its 
reliability.35

A similar OCT-based approach has been applied to assess 
anterior chamber (AC) inflammation. In a study by Invernizzi 
et al., the aqueous-to-air relative intensity (ARI) index, i.e., the 
ratio between the intensity OCT values for the aqueous and air 
spaces, was shown to correlate with the clinical grading of the 
anterior chamber cells and flare.36 The ARI index may replace 
conventional methods of flare quantification, such as flare laser 
photometry, whose use is limited by costs and low repeatability 
of results.37

In summary, validating a widely available instrument, such 
as OCT, for the simultaneous measurement of AC cells, flare, 
and vitreous haze holds the potential for a rapid, reliable, and 
comprehensive assessment of intraocular inflammation.

Clinical applications of intraoperative OCT

Intraoperative OCT (iOCT) in vitreoretinal surgery is compel
ling in uveitic patients. Uveitis carries a relatively high risk of 
secondary vitreoretinal complications, including epiretinal 
membrane formation and retinal detachment (RD), which 
may result in irreversible visual loss.38,39 Moreover, surgical 
management of uveitis-related complications is more challen
ging and burdened by worse outcomes than non-uveitic 
patients.38,39

iOCT has been studied in various anterior40 and posterior41 

segment surgical scenarios, but its use in uveitis patients has 
been limited.42 Recently, a prospective study has supported the 
use of iOCT for surgical decision-making in 74 eyes with 
uveitis undergoing vitreoretinal surgery,43 further increasing 
the interest in the development of high-quality live intraopera
tive imaging technologies for managing uveitis complications.

Novel applications of fundus autofluorescence

Conventional blue-light (488 nm) fundus autofluorescence 
(FAF) had shed light on the pathogenesis, diagnostic, and 
prognostic management of various uveitic entities.44 Recent 
advances in this imaging modality are being developed and 
their application to the field of ocular immunopathology is 
currently underway.

Novel FAF technologies include color FAF or spectrally 
resolved FAF.45 In color FAF, a confocal device excites the 
retinal fluorophores with a 450-nm-wavelength blue-light 
FAF and detects the full emission spectrum into long-wave 
and short-wave components (“red” and “green,” respectively). 
The application of color FAF to uveitis has yet to be tested.

Quantitative fundus autofluorescence (qAF) is 
a standardized approach that combines objective measurement 
of FAF intensity with spatial information.46 qAF has been 
widely used in diagnosing and monitoring inherited retinal 
diseases, being employed as an outcome measure in clinical 
trials.47 The only published study employing qAF in uveitis was 
conducted on acute zonal occult outer retinopathy 
(AZOOR),48 with objective validation of the previously 
reported trizonal pattern.49 Further studies are needed to 
determine whether qAF has a clinical utility in other uveitic 
diseases.

Fluorescence Lifetime Imaging Ophthalmoscopy (FLIO) 
measures the autofluorescence lifetime of the retinal fluoro
phores, that is, how long these molecules emit light after laser 
stimulation.50 The emission time is then represented as a color- 
coded map. Normal retina displays a combination of warm and 
cold-colored areas; each eye condition creates a specific pattern 
that may help in the differential diagnosis and/or detect disease 
progression. Preliminary encouraging results of this technol
ogy have been reported in patients with uveitis.51

Digital elaboration of conventional data

Recent advances in machine learning and deep learning have 
enabled artificial intelligence (AI)-based software to be trained 
on a large amount of imaging data and screen for retinal 
diseases with an accuracy equaling and even exceeding 
human performance. AI methods in the retina have been 
applied mainly on fundus photography, but recent studies 
have also supported the role of AI on OCT and OCTA imaging. 
AI-based technology has been developed for three main med
ical tasks: classification (automated diagnosis, disease stage, 
disease type, screening), segmentation (automatic delineation 
of fluid, fovea, retinal vessels, retinal layers, exudates, optic disc 
cup), and prediction (demographic data, clinical data, disease 
progression, treatment outcome).52

AI methods have been successfully applied in diabetic 
retinopathy,53 age-related macular degeneration,54 and 
glaucoma,55 since large population-based image datasets were 
available for these diseases. Uveitis has limitations that pre
clude creating large-scale data repositories, such as lack of 
standardization of nomenclature and coding, absence of error- 
checking and data quality in the available data sources, and 
poor generalizability of findings to different ethnicities and 
populations. For these reasons, the application of AI-methods 
to uveitis has been lagging behind other, more common, retinal 
conditions.

AI-methods have been mainly applied to uveitis for classi
fication purposes; while diagnostic criteria emphasize sensitiv
ity, classification criteria emphasize specificity and seek to 
minimize misclassification. In April 2021, the SUN Working 
Group announced a collection of papers containing the AI- 
based classification criteria for 25 different uveitis entities.56 

The objective was proposing validated standardized criteria to 
define specific uveitic conditions in upcoming clinical studies. 
The project proceeded in four stages: 1) informatics (develop
ment of a standardized vocabulary and a standardized, hier
archical classification instrument),2 case collection (collection 
of a preliminary pool of 5,766 cases),3 case selection (selection 
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of final 4,046 cases), and4 machine learning. Machine learning 
was accomplished by randomly separating the database into 
a learning set (∼85% of the cases) and a validation set (∼15% of 
the cases) for each disease. The learning set was used to scru
tinize and select the diagnostic criteria. The validation set was 
used to test the proposed criteria; for both the learning set and 
the validation set, the misclassification rate was calculated as 
the proportion of cases classified incorrectly by the machine 
learning algorithm when compared to the consensus human- 
based diagnosis. Overall accuracies by uveitic class in the 
validation set were as follows: anterior uveitides 96.7%; inter
mediate uveitides 99.3%; posterior uveitides 98.0%; panuvei
tides 94.0%; and infectious posterior uveitides/panuveitides 
93.3%. The misclassification rate in the validation set was 0% 
or very low for anterior viral uveitides,57–59 intermediate 
uvetitis,60 retinal vasculitis,61 infectious retinitis,62–64 white 
dot syndromes,65–68 and stromal choroiditis.69,70

The next steps for AI in uveitis include disease grading 
and prediction. Sun et al. recently described an AI model 
capable of objective evaluation and three-level severity 
grading of experimental autoimmune uveitis (EAU) in 
murine models.71 Earlier this year, a deep learning-based 
OCT method for automated scoring of ocular inflamma
tion in experimental mycobacterial uveitis (PMU) animal 
models has been proposed, but the automated classifica
tion did not perform as well as human graders.72

Deep learning models have undeniable advantages in at 
least three aspects:1 eliminating inter- and intra-observer 
variability;2 accuracy in successfully learning complex features 
and patterns to achieve a high rate of accuracy; and3 cost- 
effectiveness in reducing the tedious and costly process of 
annotations by human operators. Nevertheless, additional stu
dies are needed to address the need for widely accepted and 
validated AI-based diagnostic criteria in uveitis.

Next steps: imaging-based diagnostic and treatment 
algorithms

With the introduction of such a broad armamentarium of 
different imaging techniques and elaboration systems, the 
next challenge for uveitis specialists is how to make their best 
use in clinical practice. The hope is to create automatized, 
digital systems capable of putting together all the available 
information and produce imaging-based diagnostic and treat
ment algorithms. Standardized algorithms can assist clinicians 
in decision-making and therapeutic monitoring. Figure 5 
represents an example of diagnostic and treating algorithm 
applied to epiretinal and optic disc neovascularization in 
uveitis73; color fundus picture, fluorescein angiography find
ings (e.g., peripheral ischemia or leakage), patients’ demo
graphics and clinical characteristics, OCT, and OCTA 
findings are all potential information that may implement 
this flowchart, optimizing the treatment outcomes.

Conclusions

The field of diagnostic imaging in uveitis is rapidly expanding 
with continuous technological innovations and the introduc
tion of AI and machine learning. With these tools now avail
able in research laboratories around the world, it is possible to 
feed the patient images into automated or semi-automated 
algorithms to generate quantitative and qualitative data. The 
data from these techniques helps immensely in monitoring the 
disease activity, deciding therapeutic interventions and in 
establishing the diagnosis in challenging cases. The SUN work
ing group has already proved the utility of AI and machine 
learning in updating the classification systems for various 
uveitic entities. Faster acquisition times and wide field of 
view is now possible in our clinics providing the uveitis 

Figure 5. Diagnostic and treating algorithm applied to epiretinal and optic disc neovascularization in uveitis based on fluorescein angiography findings.
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specialist with a wide range of diagnostic devices to choose 
from. The patients can undergo a comprehensive evaluation 
that leads to a complete understanding of the patho-anatomical 
alterations due to the ocular inflammatory disease.

In the future, imaging biomarkers are likely to be as relevant 
as diagnostic laboratory tests and polymerase chain reactions 
in the diagnosis and management of subjects non-invasively. 
While certain tools such as OCT are now considered essential 
in the management of uveitis, there is no doubt that OCTA and 
wide field imaging including angiography are desirable in the 
clinical setting. These technologies bring with them the hope 
for improved outcomes for our patients with uveitis.
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