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RESEARCH ARTICLE
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Michal Kramer, MDd, Emmett Cunningham, MD, PhD, MPHe, Lisa Deutsch, PhDf, and Zohar Milman, MScb
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Pharma, Tel Aviv, Israel; cDepartment of Ophthalmology, Maccabi Sherutei Briut, Ramat Hasharon, Israel; dDepartment of Ophthalmology, Rabin 
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ABSTRACT
Purpose: To compare an analog visual scale in grading anterior chamber cells (ACC) to a modified 
Standardization of Uveitis Nomenclature (SUN) ACC scale.
Method: A graphical representation of anterior chamber cells as a reference and a test set was 
created and shown to two groups of experienced uveitis experts. Group 1 was given the analog 
scale in written format, while group two was given the reference images for comparison. Each test 
subject was asked to provide the best approximation for each grade.
Results: Eleven graders participated in phase 1. Correct grading occurred in 87.4% of cases. Discrepancies 
were seen at all grades. Only 3 of 11 graders were able to achieve a perfect score. Seven graders 
participated in phase 2. Agreement was 95.2% with 4/7 graders achieving a perfect score. Discrepancies 
were seen at higher grades only.
Conclusions: ACC grading is improved by a visual grading scale, and interobserver variability is reduced.
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Assessing and monitoring inflammation is critical when mana-
ging patients with uveitis. Upon reaching certain thresholds of 
activity, therapies are either introduced, modified, or substi-
tuted based on their perceived efficacy. In addition to the 
importance of this information in patient care, degree of activ-
ity and its change often serve as primary or secondary outcome 
measures in clinical trials. For both purposes, quantitative 
measurements are preferred. In the anterior segment, the 
quantification of cells and flare was first proposed in 1959 by 
Hogan, Kimura and Thygeson.1 Their methodology consisting 
in observing the anterior segment through a slit lamp with high 
magnification, a small beam of light, and high illumination, is 
still today the basis for the quantification of anterior segment 
inflammation. Over the years, minor modifications, mainly 
related to the cell count per high-power field and the number 
of ordinal steps were proposed by various authors.2,3 In 2005, 
the Standardization of Uveitis Nomenclature Working Group 
agreed upon and published standards on the grading of inflam-
mation (Table 1), and these have been used since, with or 
without further modifications, in reporting clinical studies 
and in assessing response in pivotal trials.4

However, this method relies on the subjective evaluation of 
the number of cells by a trained observer and is thus susceptible 
to interobserver variations.5 Although the interobserver 

agreement within 1 clinical grade is high (kappa range, 0.81– 
1.00), the agreement within the same grade is low (range, 0.34– 
0.43). Adding to the conundrum, the wide range of cells per 
high-power field in grade 3 and grade 4 limit the ability to 
accurately determine the exact grade and any change within.6

Because the number of cells is a critical component of 
disease diagnosis and treatment, more objective and precise 
methods to quantify the number of cells has been suggested, 
with optical coherence tomography (OCT) often named as 
a potential solution.7 Lowder et al. first proposed using OCT 
for this purpose in 2004, but others have proposed similar 
concepts.6,8,9 However, concern over particles sized less than 
the axial resolution of the OCT that would be missed may 
prevent its uniform implementation.8,10 In our cumulative 
experience, OCT use for this purpose is limited and most 
devices do not have the necessary resolutions needed to enable 
a precise cell count. Beyond clinical treatment, this inability to 
consistently assess the level of anterior chamber cells between 
different graders poses difficulties in clinical studies where the 
need to ensure consensus among investigators/graders is of 
paramount importance. The inability of experienced graders 
to reach high reproducibility on ACC grade severity also may 
result in inconclusive data on clinical trials evaluating drug 
efficacy.
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Pattern recognition concepts can help to overcome these 
obstacles. Human brains use pattern recognition/detection as 
a way to make learning easier, particularly in deterministic 
contexts.11 This concept has been applied to visual grading 
scales, and is commonly employed in medical imaging,12–14 

as well as several other areas of medicine.15–19 Grading scales 
have also been used in ophthalmology, from the grading of 
cataracts,20,21 diabetic retinopathy,22 and glaucoma.23 These 
scales rely on grading of recorded images. However, despite 
the ability to visualize cells in the anterior chamber with a slit- 
lamp, there is no available technology which enables high- 
quality photography of the anterior chamber. An alternative 
would be to provide a clinician with a reference set of images 
and to grade anterior chamber cells based on a best approx-
imation of a patient’s anterior chamber to a standardized set of 
images. Such an approach has been used in clinical studies of 
cataracts.24

The purpose of this study was to develop a set of images 
based on SUN scale for ACC and to determine if it can provide 
a better inter-grader consensus than simple observation. To 
address criticism of the existing SUN scale, steps were set to 
follow a linear increase in cell numbers and focused on the 
steps between 0 to the lower 3+, most commonly observed in 
clinical studies.

Materials and methods

Definition of a modified scale and generation of digital 
images

The SUN scale was modified to provide a linear increase in the 
maximum number of cells per step up to a maximum of 30 
cells. At each step beyond step 1, the maximum number of cells 
were increased 3-fold per level. For level one, we used the 
maximum cell count corresponding to 0.5 in the SUN scale. 
Any number of cells above 30 was set as a level 4 + .

Next a set of representative images were created showing the 
maximum number of cells per level. A graphical representation 
of a high-power field slit beam through the anterior chamber 
was created using Photoshop (Adobe, San Jose, CA, USA) 
which mimicked the slit beam appearance through the cornea, 
anterior chamber and lens surface to simulate the clinical 
assessment of ACC (Figure 1). Cells were represented as 
white dots and dimensioned to represent lymphocytes. These 
were distributed throughout the anterior chamber at the upper 
limit of each grade in an inhomogeneous fashion. Flare was 
omitted in these representations. A set of test images were 

generated to represent cell counts intermediate within each 
grade level.

Test subject selection and testing procedure:
During an international congress on uveitis held in Taiwan, 

senior uveitis experts with 15 or more years of experience were 
asked to evaluate the test images according the protocol 
described below. The images were shown on a laptop computer 
in a quiet area of the congress hall away from the main crowd 
under moderate lighting conditions.

In the first phase, the experts were asked to grade standalone 
images according to the scale in Table 2. Each grader was 
supplied with a set of images and the modified numeric SUN 
grading scheme with which to base his/her classification 
[Figure 1]. Within each set, each image was shown twice, 
with the sequence of presentation randomly assigned automa-
tically and the process repeated.

In the second phase, a separate group of experts graded the 
same images used in the first phase, but were this time given an 
electronic set of images representing the Tarsier’s grading 
image scale (TGIS), positioned to the right of the test image 
[Figure 2]. In this phase, the first two images were used for 
training purposes after each test subject received a brief expla-
nation on the score mechanics. To facilitate the administration 
of the test, and minimize bias in both study phases, an intuitive 
graphical user interface was created in Python. In the second 
phase, test subjects were placed in front of the computer, given 
minimal instructions on the scoring principles and how to 
enter their assessment. They were given no further instruc-
tions. Test subjects were not aware of the transition from the 
training to scoring phase.

Table 1. The SUN Working Group Grading Scheme.

SUN Working Group Grading Scheme for Anterior Chamber Cells4

Grade Number of Cells in field
0 0
0.5+ 1–5
1+ 6–15
2+ 16–25
3+ 26–50
4+ >50

SUN = Standardization of Uveitis Nomenclature

Figure 1. A representative screenshot of phase 1: The left side shows a single 
image to be graded, and the right side shows the grading scale (equivalent to the 
1mm3 high power field in the SUN criteria). The grader is instructed to choose the 
grade that best represents the number of cells on the left image. Once a grade 
from the right side is chosen, the image is replaced automatically and the process 
repeated until the last image is graded.

Table 2. Tarsier-Grading Image Scale (TGIS).

Proposed Modified SUN Grading Scheme GIS classification

Grade Number of Cells in field Clinical Meaning
0 0 No ACC
1 1–5 Mild ACC level
2 6–15 Moderate ACC level
3 16–30 Intense ACC level
4 >30 Severe ACC level

SUN = Standardization of Uveitis Nomenclature; GIS = Grading Image Scale; 
ACC = Anterior Chamber Cell

2 M. D. DE SMET ET AL.



Statistical methods

Statistical analyses were performed using SAS v9.4 (SAS®, SAS 
Institute Cary, NC USA) software. As a measure of accuracy, 
the mean bias between ACC grade given by the clinician and 
the actual grade, and its standard deviation (with 95% confi-
dence intervals) are estimated from random effects analysis of 
variance models programmed in SAS using the MIXED pro-
cedure, since multiple measurements are taken from the same 
slide and the model takes into consideration the intra-image 
correlation.

The precision of a measurement expresses the closeness 
of agreement (degree of scatter) between a series of mea-
surements obtained from multiple sampling of the same 
homogeneous sample under the prescribed conditions. 
Precision may be considered at two levels: repeatability 
and reproducibility. Repeatability expresses the precision 
under the same operating conditions over a short interval 
of time. Reproducibility expresses the precision between 
different operating conditions.

The above-mentioned statistics and their 95% two-sided 
confidence intervals (CI) were calculated using a random 
effects analysis of variance models programmed in SAS statis-
tical software V9.4 (SAS Institute, Cary NC, USA) using the 
PROC MIXED procedure. The CI of the reproducibility was 
calculated with bootstrap methodology using 10,000 simulated 
samples.

The intra-class correlation coefficient (ICC) was used as 
an index of inter and intra-grader reliability. ICC coeffi-
cients are interpreted in a similar manner to correlation 
coefficients: an ICC > 0.80 - excellent; 0.60 ≤ ICC ≤ 0.80 - 
good; 0.40≤ ICC≤ 0.60 – moderate; < 0.40 - poor. The ICCs 
were calculated from each of the models’ variance compo-
nents as the ratio of the between-grater error variance and 
the total variance. For estimation of intra-observer reliabil-
ity, similar models were used but data was entered into the 

models per grater, enabling measurement of the ICC for 
repeated measurements (i.e., read/re-read reliability). The 
average intra-observer reliability was calculated from each 
rater’s individual reliability.

Results

Phase 1: image grading against the TGIS grading scale

Eleven graders participated in the first phase of the study, grading 
10 different images, each presented randomly twice with 2 images 
per level. The initial image with three test subjects, and the first two 
images with one test subject had to be discarded because they did 
not understand how to properly enter their score, and inadver-
tently pressed the wrong score. In Figure 3 the results are presented 
the results for all clinicians, where the number within the bubble 
and the size of the bubble represents the number of times a given 
value was scored. The exact scores for each participant are found in 
supplemental Table 1. In 188/215 cases (87.4%), the ACC grade 
recorded by the clinician is equivalent to the true grade of the 
image, with more discrepancies observed at higher cell numbers. 
Only 3 of 11 graders could achieve a perfect score. The mean bias 
between the clinician scores and the actual image was −0.020 (95% 
CI: −0.126, 0.086) grade units. Repeatability and reproducibility 
are shown in Table 3.

Phase 2: image grading against a standardized set of TGIS 
images

In the second phase, 7 clinicians completed the test sequence. Each 
clinician was shown a sample image per ACC TGIS grade and was 
asked to assign an ACC grade to the tested images according to the 
closest similarity with the sample slides. As in the first phase 10 
images were used and presented twice in a random sequence, 
except for the grade 0 where the 2 images were only presented 
once. All test subjects successfully entered an answer for each 

Figure 2. Screenshot from the second phase analysis: On the left side is a single image to be graded, and the right side shows the TGIS provided to the grader. The 
grader is instructed to click on one of the five images on the right side of the screen that best represents the number of cells on the left image. Once an image from the 
right side is chosen, the image is replaced.

OCULAR IMMUNOLOGY AND INFLAMMATION 3



image. The level of agreement was 95.2% (120/126), higher than in 
phase 1 of the study (87.4%). Figure 4 presents the bubble plot of 
clinician grades versus the actual image. In supplemental Table 2 
are presented the individual test results for all participants. 
Discrepancies were again noted mainly with higher cell counts, 
and only 3/7 clinicians did not get a perfect score. Two test subjects 
made several errors in assessment, present in more than one grade. 
The mean bias was 0, and repeatability and reproducibility in 
grade units were 0.214 (CV% = 9.64%) and 0.163 (CV% = 7.4%). 
Table 4 shows improved repeatability and reproducibility relative 
to phase I.

Discussion

It is well accepted that visual grading scales and automated 
methods are superior to observation alone, yet in the case of 
anterior chamber cells, the methodology used in clinical practice 
and randomized clinical trials has been simple observation.8,24 

The current study adds to this assertion. Using the current 

observational SUN criteria, uveitis experts achieve an interob-
server agreement of ±1 clinical grade (kappa range, 0.81–1.00), 
while the agreement within the same grade is low (range, 0.34– 
0.43).5 This limits its applicability in clinical studies and imposes 
a “higher” bar to demonstrate clinical efficacy of anti- 
inflammatory medications for the anterior segment. An addi-
tional limitation, is the challenge of grading inflammation at 
grade 3 and above, where a clinician is expected to count 30 
+ moving cells present within the examination window. In 
practice, physicians rely on their training and experience to 
“ball park” the number of cells and decide on a grade. Indeed, 
grades 3 and 4 of the SUN classification were found to be subject 
to significant bias among graders.5

The TGIS attempts to address both issues by providing a set 
of reference images which allow a clinician to compare cell 
density within the examination window rather than having to 
count cells. The scale is also limited to a lesser number of cells 
in the higher grades, while the scale provided a more linear 
increase at each grade level beyond grade 1. Specific instruc-
tions (appendix A) are also provided to help in achieving 
uniformity in the measurement when used clinically. This 
study found that grading without reference images lead to 
inconsistencies in grading starting at grade 1, but were largely 
limited to ± 1 grade as previously shown.5 More inconsisten-
cies were seen at higher grades, despite the fact that test sub-
jects could take as much time as they wanted to judge the static 
test images. As shown in Figure 2, we found TGIS contributed 
to a significant increase in inter-grading consistency of images 
representing different levels of ACC. The modified SUN grad-
ing scheme in conjunction with the TGIS provided less sub-
jective and more reproducible assessments of ACC.

We did notice some inconsistencies using TGIS at higher grade 
levels, but several grade errors were recorded from only 2 graders, 
and only 3/7 provided an alternate grade score (supplemental 
Table 2). Appropriate training on the use of the scale with test 

Figure 3. Bubble plot of actual ACC GIS score versus the clinician scores using the 
grading scale.

Table 3. Repeatability and reproducibility of clinician scores using the TGIS 
grading scale.

SD 95% CI CV% ICC

Repeatability 0.352 0.321–0.391 17.8 0.917
Reproducibility 0.337 0.00–0.687 17 0.942

SD: standard deviation; CI: confidence interval; CV: coefficient of variation; ICC: 
Intraclass correlation coefficient

Figure 4. Bubble plot of actual ACC TGIS score versus the clinician scores using the 
standardized image set.

Table 4. Repeatability and reproducibility of clinician scores using the TGIS 
grading images.

SD 95% CI CV% ICC

Repeatability 0.214 0.189–0.247 9.64 0.939
Reproducibility 0.163 0.00–0.418 7.4 0.986

SD: standard deviation; CI: confidence interval; CV: coefficient of variation; ICC: 
Intraclass correlation coefficient

4 M. D. DE SMET ET AL.



images may well reduce these discrepancies further, as training in 
pattern recognition has been shown to work well in improving 
consistency in reporting when other ophthalmic grading 
schemes.20,24 Further studies may show that TGIS can be used to 
standardize reporting of cells among clinicians and thus be used to 
certify clinicians prior to the start of clinical studies. In the future, 
imaging technology will provide better quantification methods 
which will be needed in pivotal studies, but a role for a simple 
standardized clinical assessment in less critical settings will remain.

In clinical studies, the range of ACC is often SUN grade 2 
+ or less.25 With a requirement of a loss of 2 grades of activity or 
a grade of 0 as a definition of efficacy, meeting these criteria for 
new anti-inflammatory medications is challenging as it essen-
tially has to eliminate any residual activity to be considered 
efficacious. In addition, grade 3 covers a broad range. Any 
improvement within the grade cannot be acknowledged in the 
present scale. By narrowing the range of cells in each of the 
grades and minimizing the number of overall grades, TGIS 
provides a greater discriminatory power in the effective assess-
ment range in which physicians are most effective in providing 
a clinical judgment. This may render the TGIS scale particularly 
useful in the assessment of treatment responses in clinical trials.

Among the limitations of the current study are the limited 
numbers of test subjects, and the non clinical nature of the 
study, as is a focus on only the cellular response without any 
consideration for flare. Its strength is its ability to reproduce 
what has been reported in the clinical environment and the 
demonstration that a visual scale can provide more robust, 
reproducible responses by a variety of clinicians. The next 
steps will involve the validation of the scale in a clinical setting 
with multiple observers, and its use along side the existing SUN 
criteria in the management of patients with anterior uveitis. 
Following validation, it is hoped that the uveitis community 
will be willing to adopt it both in daily clinical use and in study 
settings. TGIS may be an important step toward a more sys-
tematic method of ACC counting.
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APPENDIX A: Instructions for clinicians while using 
the Tarsier GIS

Please dim the lights in the examination room
Use a narrow-slit bean 1 mm x 1 mm
Set the light intensity to the maximum (use Halogen light slit)
Go to magnification X16 of the slit beam box of magnification (if older 

versions Haag-Streit use the higher magnification of the two)
Set the slit beam at an angle of 45 from the vertical (first locking 

position on the HS slit lamp)
Focus midway between the cornea and the iris (to provide a clear 

illuminated path between the endothelial surface of the cornea and the 
surface of the lens or edge of the iris - get a good complete illumina-
tion of the anterior chamber slit beam while avoiding over illumina-
tion from reflected light)

Evaluate the most representative area and match the visualized cells 
density in the slit lamp to the closest TGIS (GRADING IMAGE SCALE).
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