
 
 

University of Birmingham

Classification criteria for Fuchs uveitis syndrome
The Standardization of Uveitis Nomenclature (Sun) Working Group

DOI:
10.1016/j.ajo.2021.03.052

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Peer reviewed version

Citation for published version (Harvard):
The Standardization of Uveitis Nomenclature (Sun) Working Group 2021, 'Classification criteria for Fuchs uveitis
syndrome', American Journal of Ophthalmology, vol. 228, pp. 262-267. https://doi.org/10.1016/j.ajo.2021.03.052

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 25. Apr. 2024

https://doi.org/10.1016/j.ajo.2021.03.052
https://doi.org/10.1016/j.ajo.2021.03.052
https://birmingham.elsevierpure.com/en/publications/bc7d9c17-d0a6-4461-827a-282e07ffb8e0


American Journal of Ophthalmology
 

Classification criteria for Fuchs uveitis syndrome
--Manuscript Draft--

 
Manuscript Number: AJO-20-1596R1

Article Type: Original Article

Keywords: Fuchs uveitis syndrome

Corresponding Author: Douglas A. Jabs, MD, MBA
Johns Hopkins University Bloomberg School of Public Health
Baltimore, MD UNITED STATES

First Author: Douglas A. Jabs, MD, MBA

Order of Authors: Douglas A. Jabs, MD, MBA

The Standardization of Uveitis Nomenclature (SUN) Working Group

Suggested Reviewers:

Opposed Reviewers:

Response to Reviewers: See attached cover letter detailing response to critiques.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



ABSTRACT  
Purpose:  To determine classification criteria for Fuchs uveitis syndrome. 
Design:  Machine learning of cases with Fuchs uveitis syndrome and 8 other anterior uveitides.   
Methods: Cases of anterior uveitides were collected in an informatics-designed preliminary 
database, and a final database was constructed of cases achieving supermajority agreement on 
the diagnosis, using formal consensus techniques.  Cases were split into a training set and a 
validation set.  Machine learning using multinomial logistic regression was used on the training 
set to determine a parsimonious set of criteria that minimized the misclassification rate among 
the anterior uveitides.  The resulting criteria were evaluated on the validation set.   
Results:  One thousand eighty-three cases of anterior uveitides, including 146 cases of Fuchs 
uveitis syndrome, were evaluated by machine learning.  The overall accuracy for anterior 
uveitides was 97.5% in the training set and 96.7% in the validation set (95% confidence interval 
92.4, 98.6).   Key criteria for Fuchs uveitis syndrome included unilateral anterior uveitis with or 
without vitritis and either: 1) heterochromia or 2) unilateral diffuse iris atrophy and stellate keratic 
precipitates.  The overall accuracy for anterior uveitides was 97.5% in the training set (95% 
confidence interval [CI] 96.3, 98.4) and 96.7% in the validation set (95% CI 92.4, 98.6).  The 
misclassification rates for FUS were 4.7% in the training set and 5.5% in the validation set, 
respectively.   
Conclusions:  The criteria for Fuchs uveitis syndrome had a low misclassification rate and 
appeared to perform well enough for use in clinical and translational research.   
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Center for Clinical Trials and Evidence Synthesis 
Department of Epidemiology 
The Johns Hopkins University  
Bloomberg School of Public Health 
615 North Wolfe Street, Room E7138 
Baltimore, Maryland 21205, USA 
 
11 September 2020 
 
Richard K. Parrish II, MD 
Editor-in-Chief 
American Journal of Ophthalmology 
Bascom Palmer Eye Institute 
900 NW 17th Street 
Miami, FL 33136 
 
Re:  Manuscript AJO-20-1596 “Classification criteria for Fuchs uveitis syndrome”   
 
Dear Dr. Parrish:   
 
We appreciate the detailed review of this manuscript and have endeavored to address the 
issues raised as outlined in the table below.   
 

Location Issue Response Action 

General FUS should not be used as an 
abbreviation 

Fuchs uveitis syndrome 
has largely replaced 
Fuchs heterochromic 
uveitis as the name of 
the disease.  However, 
the abbreviation FUS has 
been replaced with 
“Fuchs uveitis 
syndrome”, as has the 
colloquial “Fuchs”.   

Done 

Discussion Use rubella for the disease and 
rubella virus for the virus and 
rubella infection for the infection 

Agree Done 

Figure 2 Better quality needed to show 
keratic precipitate type 

Agree New figure 2 
included.  
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Douglas A. Jabs, MD, MBA 
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 The Fuchs uveitis syndrome, also known as Fuchs heterochromic iridocyclitis, was 
described by Fuchs in 1906.1    In case series of patients with uveitis, Fuchs uveitis syndrome 
accounts for 1 to 3% of cases.2 Patients present with the insidious onset of floaters, and/or glare 
and decreased vision due to cataract formation, or may be asymptomatic and have the uveitis 
detected on routine examination.  Typical features of the Fuchs uveitis syndrome include 
anterior chamber inflammation, characteristic stellate keratic precipitates, and iris atrophy, most 
often resulting in heterochromia; vitritis also may be present.  When heterochromia is present, 
the involved eye appears “bluer”, but heterochromia may be difficult to assess in patients with 
dark brown irides.  Posterior synechiae and peripheral anterior synechiae do not occur and 
suggest an alternative diagnosis.  The uveitis follows a chronic course and is unilateral in nearly 
all cases.2-4 Elevated intraocular pressure often occurs, but typically it is not present at the initial 
visit.  Nevertheless, with follow-up it has been estimated that over 50% of patients with Fuchs 
uveitis syndrome will develop elevated intraocular pressure.2  Over time posterior subcapsular 
cataracts develop in greater than 80% of eyes.2,3,5  Correct identification of Fuchs uveitis 
syndrome is important for management, as corticosteroid therapy makes little difference to the 
outcome and typically is not needed.  Furthermore, because posterior synechiae do not form 
and the uveitis is not painful, cycloplegia is not needed.2,3     
 The Standardization of Uveitis Nomenclature (SUN) Working Group is an international 
collaboration which has developed classification criteria for 25 of the most common uveitides.6-10 
One of the diseases for which classification criteria were developed was the Fuchs uveitis 
syndrome.   
 
Methods 
 The SUN Developing Classification Criteria for the Uveitides project proceeded in four 
phases as previously described:  1) informatics, 2) case collection, 3) case selection, and 4) 
machine learning.7-9,11       
 Informatics.  As previously described, the consensus-based informatics phase permitted 
the development of a standardized vocabulary and the development of a standardized, menu-
driven hierarchical case collection instrument.7      
 Case collection and case selection.  De-identified information was entered into the SUN 
preliminary database by the 76 contributing investigators for each disease as previously 
described.7-9,11  Cases in the preliminary database were reviewed by committees of 9 
investigators for selection into the final database, using formal consensus techniques described 
in the accompanying article..9,11  Because the goal was to develop classification criteria,10 only 
cases with a supermajority agreement (>75%) that the case was the disease in question were 
retained in the final database (i.e. were “selected”).11   
 Machine learning.  The final database then was randomly separated into a training set 
(~85% of cases) and a validation set (~15% of cases) for each disease as described in the 
accompanying article.10  Machine learning was used on the training set to determine criteria that 
minimized misclassification.  The criteria then were tested on the validation set; for both the 
training set and the validation set, the misclassification rate was calculated for each disease.  
The misclassification rate was the proportion of cases classified incorrectly by the machine 
learning algorithm when compared to the consensus diagnosis.  For Fuchs uveitis syndrome, 
the diseases against which it was evaluated were:  cytomegalovirus (CMV) anterior uveitis, 
herpes simplex virus (HSV) anterior uveitis, varicella zoster virus (VZV) anterior uveitis, juvenile 
idiopathic arthritis (JIA)-associated anterior uveitis, spondyloarthritis/HLA-B27-associated 
anterior uveitis, tubulointerstitial nephritis with uveitis (TINU), sarcoidosis-associated anterior 
uveitis, and syphilitic anterior uveitis.   
 The study adhered to the principles of the Declaration of Helsinki.  Institutional Review 
Boards (IRBs) at each participating center reviewed and approved the study; the study typically 
was considered either minimal risk or exempt by the individual IRBs.    
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Results 

Two hundred forty-nine cases of Fuchs uveitis syndrome were collected, and 146 (59%) 
achieved supermajority agreement on the diagnosis during the “selection” phase and were used 
in the machine learning.  These cases of Fuchs uveitis syndrome were compared to cases of 
other anterior uveitides, including 89 cases of CMV anterior uveitis, 123 cases of VZV anterior 
uveitis, 184 cases of spondyloarthritis/HLA-B27-associated anterior uveitis, 202 cases of JIA-
associated anterior uveitis, 101 cases of HSV anterior uveitis, 94 cases of TINU, 112 cases of 
sarcoidosis-associated anterior uveitis, and 32 cases of syphilitic anterior uveitis. The details of 
the machine learning results for these diseases are outlined in the accompanying article.11 The 
characteristics at presentation to a SUN Working Group Investigator of cases with Fuchs uveitis 
syndrome are listed in Table 1.  The relatively low proportion of cases with elevated intraocular 
pressure likely relates to the fact that data were collected for the initial presentation and not over 
time.  The criteria developed after machine learning are listed in Table 2.  Key clinical features 
for diagnosing Fuchs included evidence of an anterior uveitis with or without an accompanying 
vitritis, and either heterochromia (Figure 1) or both stellate keratic precipitates (Figure 2) and 
unilateral diffuse iris atrophy in the affected eye.  The overall accuracy for anterior uveitides was 
97.5% in the training set and 96.7% in the validation set (95% confidence interval 92.4, 98.6).11  
The misclassification rate for Fuchs uveitis syndrome in the training set was 4.7%,11 and in the 
validation set 5.5%.  The disease with which it most often was confused was HSV anterior 
uveitis.   
 
Discussion 
 The classification criteria developed by the SUN Working Group for the Fuchs uveitis 
syndrome have a low misclassification rate, indicating good discriminatory performance against 
other anterior uveitides.   
 Fuchs uveitis syndrome can be diagnosed in the absence of heterochromia, particularly 
in eyes with dark brown irides.  Hence, the term Fuchs uveitis syndrome has become preferred 
to Fuchs heterochromic iridocyclitis.  Heterochromia was present in 76% of cases of Fuchs 
uveitis syndrome in the SUN database with stellate keratic precipitates and/or diffuse iris 
atrophy being present in eyes without evident heterochromia.  Sectoral iris atrophy is a feature 
of HSV and VZV uveitis, and not of the Fuchs uveitis syndrome, and should lead to a diagnosis 
of one of these other two diseases.2,3,11  Unless cataract surgery has been performed, posterior 
synechiae are not seen in Fuchs and should lead to an alternate diagnosis.2,3  Other findings in 
Fuchs uveitis syndrome, such as iris nodules, iris crystals, and radial, twig-like angle vessels on 
gonioscopy,2,3 were either infrequent enough or not noted often enough to become part of the 
classification criteria.   
 A post-infectious etiology has been suggested for Fuchs uveitis syndrome.12-17 The 
finding of presumed intraocular antibody synthesis of antibodies to rubella on Goldman-Witmer 
analysis of aqueous obtained via paracentesis has been taken as evidence of prior rubella virus 
infection.  Nevertheless, real time polymerase chain reaction (PCR) of aqueous samples for 
rubella viral RNA typically is positive only in a very small minority of cases and only in younger 
patients, suggesting previous rubella virus infection but not active infection is the norm.12,13  
More recently an uncontrolled case series using metagenomic deep sequencing, a more 
sensitive method for RNA detection, detected rubella RNA in the aqueous of three patients with 
Fuchs uveitis syndrome, suggesting that Fuchs uveitis syndrome may be associated with some 
level of ongoing viral replication.14 Whether the disease is due to low level viral replication or to 
an immune response to previous infection or a combination of factors remains to be determined.  
The apparent decline in the incidence of Fuchs uveitis syndrome after adoption of widespread 
vaccination for rubella in the United States is consistent with a role for rubella virus infection in 
Fuchs uveitis syndrome.15  The association of Fuchs uveitis syndrome with occasional cases of 
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toxoplasmic retinitis and the finding of elevated levels of  intraocular antibodies to Toxoplasma 
gondii in the aqueous of a few patients with Fuchs uveitis syndrome has been taken to suggest 
that some cases may be related epidemiologically to ocular toxoplasmosis,16,17 but there has 
been little evidence for active toxoplasmosis in the pathogenesis of Fuchs uveitis syndrome, 
and the evidence for a relationship to rubella appears stronger.     
 More problematic from a diagnostic perspective is the finding of similar clinical features 
between some eyes with a “Fuchs-like” anterior uveitis due to CMV anterior uveitis and eyes 
with Fuchs uveitis syndrome with negative PCR for CMV DNA in the anterior chamber.  
Although patients with CMV anterior uveitis were more likely to be older and male, the 
distribution is not sufficiently different for diagnostic purposes.  Some features do suggest CMV 
anterior uveitis and should not be present when diagnosing Fuchs uveitis syndrome.  These 
features of CMV anterior uveitis include: endotheliitis, endothelial cell loss, and nodular 
endothelial lesions with a surrounding halo and coin-shaped lesions.18,19 Although iris atrophy 
may be present in some patients with CMV anterior uveitis, it typically is patchy and rarely 
transilluminates, whereas the atrophy of Fuchs uveitis syndrome typically is diffuse and may 
transilluminate.  Furthermore, the majority of cases of Fuchs uveitis syndrome have 
heterochromia, but heterochromia is rare in eyes with CMV anterior uveitis.18,19 The presence of 
features suggestive of CMV anterior uveitis should lead to consideration of aqueous 
paracentesis for PCR analysis for viral DNA, as PCR analysis of aqueous for CMV is able to 
reliably distinguish between the two diseases.  Because of the relatively low yield in the United 
States of paracentesis for viruses when performed routinely on all cases of anterior uveitis,20 
paracentesis for PCR to exclude viruses, such as CMV and HSV,  was not included in the 
criteria.   

More controversial is whether Fuchs uveitis syndrome is a morphological syndrome with 
several etiologies, akin to the acute retinal necrosis syndrome, or a specific diagnosis related to 
rubella virus infection.  Because the Fuchs-like anterior uveitis with CMV anterior uveitis 
appears due to active viral infection in the anterior chamber, as evidenced by the PCR data and 
response to antiviral therapy,21,22 whereas the Fuchs uveitis syndrome has an infrequent and 
inconsistent  relationship to active rubella virus infection and a stronger relationship to evidence 
of previous rubella virus infection (i.e. post-infectious), the SUN criteria currently treat CMV 
anterior uveitis and Fuchs uveitis syndrome as separate diseases and call CMV anterior uveitis 
with Fuchs-like features, “Fuchs-like” CMV anterior uveitis.  In absence of a positive PCR for 
CMV from the aqueous or the characteristic endothelial lesions of CMV anterior uveitis, at this 
time the default diagnosis remains the Fuchs uveitis syndrome.  Nevertheless, future studies 
using techniques such as metagenomic sequencing on aqueous specimens from a well-defined 
group of patients, classified using standardized criteria, could demonstrate that the Fuchs 
uveitis syndrome is a morphological syndromic diagnosis with several etiologies, resulting in a 
revised approach to classification.   
 The presence of any of the exclusions in Table 2 suggests an alternate diagnosis, and 
the diagnosis of Fuchs uveitis syndrome should not be made in their presence.  In prospective 
studies many of these tests will be performed routinely, and the alternative diagnoses excluded.  
However, in retrospective studies based on clinical care, not all of these tests may have been 
performed.  Hence the presence of an exclusionary criterion excludes Fuchs uveitis syndrome, 
but the absence of such testing does not exclude the diagnosis of Fuchs uveitis syndrome if the 
criteria for the diagnosis are met.   
 Classification criteria are employed to diagnose individual diseases for research 
purposes.10 Classification criteria differ from clinical diagnostic criteria, in that although both 
seek to minimize misclassification, when a trade-off is needed, diagnostic criteria typically 
emphasize sensitivity, whereas classification criteria emphasize specificity,10  in order to define 
a homogeneous group of patients for inclusion in research studies and limit the inclusion of 
patients without the disease in question that might confound the data.  The machine learning 
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process employed did not explicitly use sensitivity and specificity; instead it minimized the 
misclassification rate.  Because we were developing classification criteria and because the 
typical agreement between two uveitis experts on diagnosis is moderate at best,9 the selection 
of cases for the final database (“case selection”) included only cases which achieved 
supermajority agreement on the diagnosis.  As such, some cases which clinicians would 
diagnose with Fuchs uveitis syndrome will not be so classified by classification criteria. 
 In conclusion, the criteria for the Fuchs uveitis syndrome outlined in Table 2 appear to 
perform sufficiently well for use as classification criteria in clinical research.10,11    
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FIGURE LEGENDS 
Figure 1.  Iris heterochromia in a patient with Fuchs uveitis syndrome.   
Figure 2. Stellate keratic precipitates in a patient with Fuchs uveitis syndrome.   
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PRECIS  
Using a formalized approach to developing classification criteria, including informatics-

based case collection, consensus-technique-based case selection, and machine learning, 
classification criteria for Fuchs uveitis syndrome were developed.  Key criteria included 
unilateral anterior uveitis with either: 1) heterochromia or 2) unilateral diffuse iris atrophy and 
stellate keratic precipitates.  The resulting criteria had a low misclassification rate.  
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 The Fuchs uveitis syndrome, also known as Fuchs heterochromic iridocyclitis, was 
described by Fuchs in 1906.1    In case series of patients with uveitis, Fuchs uveitis syndrome 
accounts for 1 to 3% of cases.2 Patients present with the insidious onset of floaters, and/or glare 
and decreased vision due to cataract formation, or may be asymptomatic and have the uveitis 
detected on routine examination.  Typical features of the Fuchs uveitis syndrome include 
anterior chamber inflammation, characteristic stellate keratic precipitates, and iris atrophy, most 
often resulting in heterochromia; vitritis also may be present.  When heterochromia is present, 
the involved eye appears “bluer”, but heterochromia may be difficult to assess in patients with 
dark brown irides.  Posterior synechiae and peripheral anterior synechiae do not occur and 
suggest an alternative diagnosis.  The uveitis follows a chronic course and is unilateral in nearly 
all cases.2-4 Elevated intraocular pressure often occurs, but typically it is not present at the initial 
visit.  Nevertheless, with follow-up it has been estimated that over 50% of patients with Fuchs 
uveitis syndrome will develop elevated intraocular pressure.2  Over time posterior subcapsular 
cataracts develop in greater than 80% of eyes.2,3,5  Correct identification of Fuchs uveitis 
syndrome is important for management, as corticosteroid therapy makes little difference to the 
outcome and typically is not needed.  Furthermore, because posterior synechiae do not form 
and the uveitis is not painful, cycloplegia is not needed.2,3     
 The Standardization of Uveitis Nomenclature (SUN) Working Group is an international 
collaboration which has developed classification criteria for 25 of the most common uveitides.6-10 
One of the diseases for which classification criteria were developed was the Fuchs uveitis 
syndrome.   
 
Methods 
 The SUN Developing Classification Criteria for the Uveitides project proceeded in four 
phases as previously described:  1) informatics, 2) case collection, 3) case selection, and 4) 
machine learning.7-9,11       
 Informatics.  As previously described, the consensus-based informatics phase permitted 
the development of a standardized vocabulary and the development of a standardized, menu-
driven hierarchical case collection instrument.7      
 Case collection and case selection.  De-identified information was entered into the SUN 
preliminary database by the 76 contributing investigators for each disease as previously 
described.7-9,11  Cases in the preliminary database were reviewed by committees of 9 
investigators for selection into the final database, using formal consensus techniques described 
in the accompanying article..9,11  Because the goal was to develop classification criteria,10 only 
cases with a supermajority agreement (>75%) that the case was the disease in question were 
retained in the final database (i.e. were “selected”).11   
 Machine learning.  The final database then was randomly separated into a learning 
settraining set (~85% of cases) and a validation set (~15% of cases) for each disease as 
described in the accompanying article.10  Machine learning was used on the learning settraining 
set to determine criteria that minimized misclassification.  The criteria then were tested on the 
validation set; for both the learning settraining set and the validation set, the misclassification 
rate was calculated for each disease.  The misclassification rate was the proportion of cases 
classified incorrectly by the machine learning algorithm when compared to the consensus 
diagnosis.  For Fuchs uveitis syndrome, the diseases against which it was evaluated were:  
cytomegalovirus (CMV) anterior uveitis, herpes simplex virus (HSV) anterior uveitis, varicella 
zoster virus (VZV) anterior uveitis, juvenile idiopathic arthritis (JIA)-associated anterior uveitis, 
spondyloarthritis/HLA-B27-associated anterior uveitis, tubulointerstitial nephritis with uveitis 
(TINU), sarcoidosis-associated anterior uveitis, and syphilitic anterior uveitis.   
 The study adhered to the principles of the Declaration of Helsinki.  Institutional Review 
Boards (IRBs) at each participating center reviewed and approved the study; the study typically 
was considered either minimal risk or exempt by the individual IRBs.    
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Results 

Two hundred forty-nine cases of Fuchs uveitis syndrome were collected, and 146 (59%) 
achieved supermajority agreement on the diagnosis during the “selection” phase and were used 
in the machine learning.  These cases of Fuchs uveitis syndrome were compared to cases of 
other anterior uveitides, including 89 cases of CMV anterior uveitis, 123 cases of VZV anterior 
uveitis, 184 cases of spondyloarthritis/HLA-B27-associated anterior uveitis, 202 cases of JIA-
associated anterior uveitis, 101 cases of HSV anterior uveitis, 94 cases of TINU, 112 cases of 
sarcoidosis-associated anterior uveitis, and 32 cases of syphilitic anterior uveitis. The details of 
the machine learning results for these diseases are outlined in the accompanying article.11 The 
characteristics at presentation to a SUN Working Group Investigator of cases with Fuchs uveitis 
syndrome are listed in Table 1.  The relatively low proportion of cases with elevated intraocular 
pressure likely relates to the fact that data were collected for the initial presentation and not over 
time.  The criteria developed after machine learning are listed in Table 2.  Key clinical features 
for diagnosing Fuchs included evidence of an anterior uveitis with or without an accompanying 
vitritis, and either heterochromia (Figure 1) or both stellate keratic precipitates (Figure 2) and 
unilateral diffuse iris atrophy in the affected eye.  The overall accuracy for anterior uveitides was 
97.5% in the learning settraining set and 96.7% in the validation set (95% confidence interval 
92.4, 98.6).11  The misclassification rate for Fuchs uveitis syndrome in the learning settraining 
set was 4.7%,11 and in the validation set 5.5%.  The disease with which it most often was 
confused was HSV anterior uveitis.   
 
Discussion 
 The classification criteria developed by the SUN Working Group for the Fuchs uveitis 
syndrome have a low misclassification rate, indicating good discriminatory performance against 
other anterior uveitides.   
 Fuchs uveitis syndrome can be diagnosed in the absence of heterochromia, particularly 
in eyes with dark brown irides.  Hence, the term Fuchs uveitis syndrome has become preferred 
to Fuchs heterochromic iridocyclitis.  Heterochromia was present in 76% of cases of Fuchs 
uveitis syndrome in the SUN database with stellate keratic precipitates and/or diffuse iris 
atrophy being present in eyes without evident heterochromia.  Sectoral iris atrophy is a feature 
of HSV and VZV uveitis, and not of the Fuchs uveitis syndrome, and should lead to a diagnosis 
of one of these other two diseases.2,3,11  Unless cataract surgery has been performed, posterior 
synechiae are not seen in Fuchs and should lead to an alternate diagnosis.2,3  Other findings in 
Fuchs uveitis syndrome, such as iris nodules, iris crystals, and radial, twig-like angle vessels on 
gonioscopy,2,3 were either infrequent enough or not noted often enough to become part of the 
classification criteria.   
 A post-infectious etiology has been suggested for Fuchs uveitis syndrome.12-17 The 
finding of presumed intraocular antibody synthesis of antibodies to rubella on Goldman-Witmer 
analysis of aqueous obtained via paracentesis has been taken as evidence of prior rubella virus 
infection.  Nevertheless, real time polymerase chain reaction (PCR) of aqueous samples for 
rubella viral RNA typically is positive only in a very small minority of cases and only in younger 
patients, suggesting previous rubella virus infection but not active infection is the norm.12,13  
More recently an uncontrolled case series using metagenomic deep sequencing, a more 
sensitive method for RNA detection, detected rubella RNA in the aqueous of three patients with 
Fuchs uveitis syndrome, suggesting that Fuchs uveitis syndrome may be associated with some 
level of ongoing viral replication.14 Whether the disease is due to low level viral replication or to 
an immune response to previous infection or a combination of factors remains to be determined.  
The apparent decline in the incidence of Fuchs uveitis syndrome after adoption of widespread 
vaccination for rubella in the United States is consistent with a role for rubella virus infection in 
Fuchs uveitis syndrome.15  The association of Fuchs uveitis syndrome with occasional cases of 
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toxoplasmic retinitis and the finding of elevated levels of  intraocular antibodies to Toxoplasma 
gondii in the aqueous of a few patients with Fuchs uveitis syndrome has been taken to suggest 
that some cases may be related epidemiologically to ocular toxoplasmosis,16,17 but there has 
been little evidence for active toxoplasmosis in the pathogenesis of Fuchs uveitis syndrome, 
and the evidence for a relationship to rubella appears stronger.     
 More problematic from a diagnostic perspective is the finding of similar clinical features 
between some eyes with a “Fuchs-like” anterior uveitis due to CMV anterior uveitis and eyes 
with Fuchs uveitis syndrome with negative PCR for CMV DNA in the anterior chamber.  
Although patients with CMV anterior uveitis were more likely to be older and male, the 
distribution is not sufficiently different for diagnostic purposes.  Some features do suggest CMV 
anterior uveitis and should not be present when diagnosing Fuchs uveitis syndrome.  These 
features of CMV anterior uveitis include: endotheliitis, endothelial cell loss, and nodular 
endothelial lesions with a surrounding halo and coin-shaped lesions.18,19 Although iris atrophy 
may be present in some patients with CMV anterior uveitis, it typically is patchy and rarely 
transilluminates, whereas the atrophy of Fuchs uveitis syndrome typically is diffuse and may 
transilluminate.  Furthermore, the majority of cases of Fuchs uveitis syndrome have 
heterochromia, but heterochromia is rare in eyes with CMV anterior uveitis.18,19 The presence of 
features suggestive of CMV anterior uveitis should lead to consideration of aqueous 
paracentesis for PCR analysis for viral DNA, as PCR analysis of aqueous for CMV is able to 
reliably distinguish between the two diseases.  Because of the relatively low yield in the United 
States of paracentesis for viruses when performed routinely on all cases of anterior uveitis,20 
paracentesis for PCR to exclude viruses, such as CMV and HSV,  was not included in the 
criteria.   

More controversial is whether Fuchs uveitis syndrome is a morphological syndrome with 
several etiologies, akin to the acute retinal necrosis syndrome, or a specific diagnosis related to 
rubella virus infection.  Because the Fuchs-like anterior uveitis with CMV anterior uveitis 
appears due to active viral infection in the anterior chamber, as evidenced by the PCR data and 
response to antiviral therapy,21,22 whereas the Fuchs uveitis syndrome has an infrequent and 
inconsistent  relationship to active rubella virus infection and a stronger relationship to evidence 
of previous rubella virus infection (i.e. post-infectious), the SUN criteria currently treat CMV 
anterior uveitis and Fuchs uveitis syndrome as separate diseases and call CMV anterior uveitis 
with Fuchs-like features, “Fuchs-like” CMV anterior uveitis.  In absence of a positive PCR for 
CMV from the aqueous or the characteristic endothelial lesions of CMV anterior uveitis, at this 
time the default diagnosis remains the Fuchs uveitis syndrome.  Nevertheless, future studies 
using techniques such as metagenomic sequencing on aqueous specimens from a well-defined 
group of patients, classified using standardized criteria, could demonstrate that the Fuchs 
uveitis syndrome is a morphological syndromic diagnosis with several etiologies, resulting in a 
revised approach to classification.   
 The presence of any of the exclusions in Table 2 suggests an alternate diagnosis, and 
the diagnosis of Fuchs uveitis syndrome should not be made in their presence.  In prospective 
studies many of these tests will be performed routinely, and the alternative diagnoses excluded.  
However, in retrospective studies based on clinical care, not all of these tests may have been 
performed.  Hence the presence of an exclusionary criterion excludes Fuchs uveitis syndrome, 
but the absence of such testing does not exclude the diagnosis of Fuchs uveitis syndrome if the 
criteria for the diagnosis are met.   
 Classification criteria are employed to diagnose individual diseases for research 
purposes.10 Classification criteria differ from clinical diagnostic criteria, in that although both 
seek to minimize misclassification, when a trade-off is needed, diagnostic criteria typically 
emphasize sensitivity, whereas classification criteria emphasize specificity,10  in order to define 
a homogeneous group of patients for inclusion in research studies and limit the inclusion of 
patients without the disease in question that might confound the data.  The machine learning 
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process employed did not explicitly use sensitivity and specificity; instead it minimized the 
misclassification rate.  Because we were developing classification criteria and because the 
typical agreement between two uveitis experts on diagnosis is moderate at best,9 the selection 
of cases for the final database (“case selection”) included only cases which achieved 
supermajority agreement on the diagnosis.  As such, some cases which clinicians would 
diagnose with Fuchs uveitis syndrome will not be so classified by classification criteria. 
 In conclusion, the criteria for the Fuchs uveitis syndrome outlined in Table 2 appear to 
perform sufficiently well for use as classification criteria in clinical research.10,11    
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FIGURE LEGENDS 
Figure 1.  Iris heterochromia in a patient with Fuchs uveitis syndrome.   
Figure 2. Stellate keratic precipitates in a patient with Fuchs uveitis syndrome.   
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Table 1.  Characteristics of Cases with Fuchs Uveitis Syndrome  

Characteristic Result 

Number cases  146 

Demographics  

Age, median, years (25th 75th percentile) 35 (27, 45) 

Age category, years (%)  

   <16 5 

   17-50 82 

   51-60 8 

   >60 5 

Gender (%)  

   Men 51 

   Women 49 

Race/ethnicity (%)  

   White, non-Hispanic 75 

   Black, non-Hispanic 0 

   Hispanic 3 

   Asian, Pacific Islander 11 

   Other 7 

   Missing 4 

Uveitis History  

Uveitis course (%)  

   Acute, monophasic 0 

   Acute, recurrent 0 

   Chronic 92 

   Indeterminate 8 

Laterality (%)  

   Unilateral 98 

   Unilateral, alternating 0 

   Bilateral 2 

Ophthalmic examination  

Cornea   

   Normal 99 

   Keratitis 1 

Keratic precipitates (%)  

   None 1 

   Fine 25 

   Round 7 

   Stellate 68 

   Mutton Fat 0 

   Other 0 

Anterior chamber cells (%)  

   Grade ½+  49 

   1+ 26 

   2+ 10 

   3+ 1 

   4+ 0 

Hypopyon (%) 0 

Table 1



Anterior chamber flare (%)  

   Grade 0 66 

   1+ 32 

   2+ 1 

   3+ 0 

   4+ 0 

Iris (%)  

   Normal 6 

   Posterior synechiae 0 

   Sectoral iris atrophy 0 

   Patchy iris atrophy 3 

   Diffuse iris atrophy 45 

   Heterochromia 76 

Intraocular pressure (IOP), involved eyes  

   Median,  mm Hg (25th, 75th percentile) 14 (12, 16) 

   Proportion patients with IOP>24 mm Hg either eye (%) 8 

Vitreous cells (%)  

   Grade 0 25 

   ½+ 25 

   1+ 32 

   2+ 16 

   3+ 3 

   4+ 0 

Vitreous haze (%)  

  Grade 0 49 

   ½+ 13 

   1+ 24 

   2+ 13 

   3+ 1 

   4+ 0 
   

 



Table 2.  Classification Criteria for Fuchs Uveitis Syndrome 

Criteria 
1.  Evidence of anterior uveitis 
     a.  anterior chamber cells 
     b.  if vitreous cells are present, anterior chamber inflammation also should be present 
     c.  no evidence of active retinitis 
AND 
2.  Unilateral uveitis  
AND 
3.  Evidence of Fuchs uveitis syndrome 
   a.  heterochromia OR 
   b.  unilateral diffuse iris atrophy AND stellate keratic precipitates  
AND  
4. Neither endotheliitis nor nodular, coin-shaped endothelial lesions 
 
Exclusions 
1. Positive serology for syphilis using a treponemal test 
2. Evidence of sarcoidosis (either bilateral hilar adenopathy on chest imaging or tissue 

biopsy demonstrating non-caseating granulomata) 
3. Aqueous specimen PCR* positive for cytomegalovirus, herpes simplex virus or varicella 

zoster virus 
*PCR = polymerase chain reaction 
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PRECIS  
Using a formalized approach to developing classification criteria, including informatics-based 

case collection, consensus-technique-based case selection, and machine learning, 

classification criteria for Fuchs uveitis syndrome were developed.  Key criteria included 

unilateral anterior uveitis with either: 1) heterochromia or 2) unilateral diffuse iris atrophy and 

stellate keratic precipitates.  The resulting criteria had a low misclassification rate.   
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