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Limbal ischemia: Reliability of clinical assessment and implications in the 
management of ocular burns

Ka Wai Kam1,2, Chaitali N Patel3, Neda Nikpoor4, Marco Yu2,5, Sayan Basu3

Purpose: Limbal ischemia is an important prognostic factor in the management of ocular burns. In this 
study, we evaluated the reliability of clinically assessing limbal ischemia among ophthalmic professionals. 
Methods: This study included 111 ophthalmic professionals who were shown 12 diffuse illumination color 
slit‑lamp photographs of eyes with recent chemical injuries. Respondents were asked whether the photos 
were assessable and if yes, then to indicate the presence, location, and grade of limbal ischemia in each 
case. The responses were collected using a standard data collection sheet and the inter‑observer agreement 
was calculated. Results: All participants responded to every question. Of the 1,332 responses, images were 
deemed assessable in 1,222 (91.7%) instances. The overall agreement (Fleiss’ kappa) for the presence of limbal 
ischemia and severity of limbal ischemia was 0.106 and 0.139, respectively (P < 0.012). Among the four groups 
of observers, practicing cornea specialists displayed significantly (P < 0.003) higher kappa values (0.201–0.203) 
when compared to residents (0.131–0.185), fellows (0.086–0.127), and optometrists (0.077–0.102). All indicated 
a poor level of inter‑rater consistency. Conclusion: The results indicate that clinical assessment of limbal 
ischemia is highly subjective and there is lack of reliability even among cornea specialists who regularly 
manage patients with ocular burns. A non‑invasive, standardized, objective, accurate, and reliable modality for 
ocular surface angiography is desperately needed for proper assessment and prognostication of ocular burns.
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Ocular burns and other forms of ocular trauma are common 
causes of visual impairment and blindness in the developing 
world.[1] Chemical or thermal burns to the eyes can irreversibly 
damage the limbal stem cells leading to chronic corneal 
vascularization and scarring. Once blinding limbal stem 
cell deficiency develops, these eyes then require complex 
reconstructive procedures for visual rehabilitation.[2‑4] It is well 
recognized that appropriate management in the acute stage 
of ocular burn injury is crucial to preventing long‑term visual 
morbidity.[5] One of the key factors that play a decisive role in the 
management of acute ocular burns is the presence and extent of 
limbal ischemia.[6,7] However, an accurate clinical assessment of 
limbal ischemia is difficult not only because limbal ischemia may 
be superficial and not correlate with the amount of surviving 
limbal stem cells but also because apparently healthy limbus 
may slough off during subsequent post‑injury period.[7]

Currently, there are no standard criteria to diagnose limbal 
ischemia. Clinicians rely on the subjective appearance of the 
vascularity and color of the limbus and peri‑limbal region and 
compare that with a mental image of a healthy eye. Unlike the 
retina, fluorescein or indocyanine green angiography of the 
ocular surface is neither available nor practiced as a tool to 

definitively diagnose limbal ischemia.[8] Therefore, although 
clinical assessment still is the gold standard in defining limbal 
ischemia, the reliability of clinical assessment itself remains 
questionable. In this study, we tried to quantify the reliability 
of clinically assessing limbal ischemia among a large group of 
ophthalmic professionals who are routinely involved in the 
care of patients with ocular burns.

Methods
Participants
This study was approved by the local Ethics committee. We 
recruited ophthalmologists and optometrists who participated 
in an international ocular surface workshop from both local and 
international centers and who possessed clinical interests in ocular 
surface diseases. We obtained basic information including their 
age, sex, country of origin, job position/title, major sub‑specialty, 
years of experience in general ophthalmology/optometry, and 
years of subspecialty experience for subgroup analyses. Those 
who did not wish to participate in the study were excluded.

Outcome measures and sample size calculation
The hypothesis of the study was that there is a lack of 
consistency among ophthalmic professionals regarding the 
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identification (present or absent) and grading (extent/severity) 
of limbal ischemia, therefore inter‑observer agreement was the 
primary outcome measure of this study. Secondary outcome 
measure was the variation in agreement between different 
sub‑groups of ophthalmic professionals. For statistically 
valid agreement analysis, we needed at least 10 gradable 
photographs and 100 respondents. Assuming a 15% chance 
of photos being of inadequate quality and 10% non‑response 
rate, we selected photographs of 12 different eyes with ocular 
burns and interviewed 111 ophthalmic professionals ranging 
from optometrists to ophthalmology residents, fellowship 
trainees, and cornea and external disease consultants.

Image acquisition
Slit‑lamp photographs of 12 eyes which had prior acute chemical 
ocular injury were captured by a single experienced slit‑lamp 
photographer with a camera‑mounted slit‑lamp  (BX900, 
Haag‑Streit Diagnostics, USA; Canon EOS 40D, Canon 
Inc., Japan) with diffuse and assisted illumination. All 
color photographs were captured with the built‑in image 
software (EyeCap Digital, version 5.0) without application of 
fluorescein or utilization of cobalt blue light.

Questionnaire administration
The photographs were displayed to all participants for 
sufficient amount of time for assessment and completion 
of the response. For each photograph, each participant 
had to first answer whether the photo was of gradable 
quality. If the photo was deemed not assessable, the rest of 
the questions were not recorded. If the photo was deemed 
assessable, each subject would need to determine whether 
limbal ischemia was present or absent; to grade the severity 
of limbal ischemia into mild, moderate, or severe; and to 
indicate the location of ischemic areas in terms of clock 
hours. Participants were instructed to put down additional 
comments or reasons if they found a photo to be not gradable 
on the questionnaire.

Statistical analysis
Univariate analyses were presented with mean, percentage, 
standard deviation, and 95% confidence intervals (CIs) where 
appropriate. The presence or absence of limbal ischemia was set 
as a binary outcome; severity of limbal ischemia was classified 
into mild, moderate, and severe as a categorical variable. The 

total number of clock hours of limbal ischemia was analyzed 
by its median and inter‑quartile range  (IQR) to look at the 
distribution. In evaluating the inter‑rater agreement regarding 
the presence or absence of limbal ischemia among 111 raters, 
percent agreement was measured among raters and the Fleiss’s 
kappa was calculated to assess the agreement for this binary 
variable. Fleiss’s kappa was also used to assess the agreement 
of severity as there are more than two categories of options 
in the response. Fleiss’ kappa coefficients were compared 
between different positions by empirical bootstrap with 1,000 
replicates. According to Fleiss (1981) kappa benchmark scale, 
a kappa of <0.4 was considered as “poor agreement,” 0.40–0.75 
as “intermediate to good agreement,” and >0.75 as “excellent 
agreement.”[9,10]

Results
Baseline demographics
A total of 111 eye care professionals participated in this 
study. Fifty‑seven (56.4%) were male and the mean age was 
31.6 ± 6.5 years old. Sixteen participants were ophthalmology 
residents, 29 were fellowship trainees, 42 were cornea and 
external disease consultants, and 11 were optometrists. 
Eighty‑seven participants  (86.1%) were from India, while 
14 were from overseas institutions. Among all participants, 
50 participants  (49.5%) had joined ophthalmology training 
for 0–5  years, while 31  (30.7%), 10  (9.9%), and 6  (5.9%) 
had 6–10, 11–15, more than 15  years of experience in this 
field, respectively. Among the 90 ophthalmologists, 60 of 
them  (66.7%) were receiving or had received sub‑specialty 
training in cornea sub‑specialty. Forty‑one of them  (68.3%) 
had been working in cornea sub‑specialty for 0–5 years, while 
10  (16.7%), 4  (6.7%), and 5  (8.3%) had been working as a 
cornea sub‑specialist for 6–10, 11–15, and more than 15 years, 
respectively. All optometrists were receiving or had received 
training in cornea sub‑specialty.

Assessability of photos
Of the 1,332 responses, images were deemed assessable in 
1,222  (91.7%, range 84–100) instances. The entire set of 12 
images was deemed gradable in 83.4% of respondents [Fig. 1]. 
The photos [Figs.2 and 3] with the lowest rates were images 
P7 and P5, where 18 (16.2%) and 14 (12.6%) respondents, 
respectively, considered them to be ungradable.

Figure 1: Distribution of raters indicating the presence and grading severity of limbal ischemia in the 12 images
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Figure 2: Images with highest agreement in terms of the presence of limbal ischemia among 111 raters

Figure 3: Images with lowest agreement in terms of the presence of limbal ischemia among 111 raters

Presence of limbal ischemia
The distribution of responses for the presence or absence of 
limbal ischemia is presented in Table 1 and Fig. 1. Extent of 
limbal ischemia ranged from 49.5% (image P7 in Fig. 3) to 
100% (image P2 in Fig. 2). The Fleiss’ kappa was 0.106 (95% 
CI 0.035–0.178, P = 0.008) indicating poor overall agreement 
for individual images among respondents.

Grading severity of limbal ischemia
The distribution of responses for severe limbal ischemia is also 
presented in Table 1 and Fig. 1. The proportion of respondents 

who thought that limbal ischemia was severe ranged from 1% 
to 89.1%. The Fleiss’s kappa was 0.139  (95% CI 0.037–0.242, 
P = 0.012) indicating poor overall agreement for individual 
images among respondents.

Total amount of limbal ischemia
The median total number of clock hours of limbal ischemia 
indicated by all respondents for each image was presented 
in Table 1 along with the 25th and 75th quartiles. The INRs 
ranged from 2 to 7 clock hours and a mean INR of 4.4 ± 1.7 
clock hours.
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Table 2: Fleiss’ kappa values of different grades of observers and comparison between groups when all images were 
analyzed

Consultants Fellows Residents Optometrists

Kappa values

Presence of limbal ischemia 0.201 (0.185) 0.086 (0.082) 0.131 (0.130) 0.077 (0.044)

Severity of limbal ischemia 0.203 (0.205) 0.127 (0.136) 0.185 (0.200) 0.102 (0.098)

Versus. consultants (P)

Presence of limbal ischemia 0.001 (0.002) 0.117 (0.246) 0.003 (0.003)

Severity of limbal ischemia 0.003 (0.019) 0.588 (0.899) <0.001 (0.001)

Versus. fellows (P)

Presence of limbal ischemia 0.001 (0.002) 0.366 (0.363) 0.859 (0.429)

Severity of limbal ischemia 0.003 (0.019) 0.110 (0.093) 0.466 (0.311)

Versus. residents (P)

Presence of limbal ischemia 0.117 (0.246) 0.366 (0.363) 0.299 (0.096)

Severity of limbal ischemia 0.588 (0.899) 0.110 (0.093) 0.029 (0.011)

Versus. optometrists (P)

Presence of limbal ischemia 0.003 (0.003) 0.859 (0.429) 0.299 (0.096)
Severity of limbal ischemia <0.001 (0.001) 0.466 (0.311) 0.029 (0.011)

Figures in brackets showed values when images with the lowest assessability (Images 5 and 7) were excluded from analyses

Table 1: Proportions of observers in grading assessability, presence, severity, and location of limbal ischemia

Think that 
the image is 

assessable (%)

Think that 
limbal ischemia 
is present (%)

Think that 
limbal ischemia 
is severe (%)

Median total number of clock 
hours of limbal ischemia 

(25th‑75th; inter‑quartile range)

Image 1 110/111 (99.1) 94/110 (85.4) 6/110 (54.5) 4 (2‑5; 3)

Image 2 111/111 (100.0) 111/111 (100.0) 32/108 (29.6) 5 (4‑7; 3)

Image 3 101/111 (91.0) 92/101 (91.1) 35/103 (34.0) 6.5 (4‑9; 5)

Image 4 106/111 (95.4) 73/106 (68.9) 14/102 (13.7) 3 (0‑6; 6)

Image 5 94/111 (84.7) 70/94 (74.5) 9/96 (9.4) 3 (0‑5; 5)

Image 6 96/110 (87.3) 58/96 (60.4) 4/93 (4.3) 2 (0‑4; 4)

Image 7 93/111 (83.8) 46/93 (49.5) 3/93 (3.2) 0 (0‑3; 3)

Image 8 105/111 (94.6) 73/105 (69.5) 17/100 (1.7) 3 (0‑7; 7)

Image 9 102/110 (92.7) 99/102 (97.1) 90/101 (89.1) 8 (7‑12; 5)

Image 10 101/111 (91.0) 74/101 (73.3) 1/99 (1.0) 2 (0‑3.25; 3.25)

Image 11 102/111 (91.9) 94/102 (92.2) 41/96 (42.7) 5 (3‑10; 7)
Image 12 101/111 (91.0) 98/101 (97.0) 40/94 (42.6) 5 (4‑6; 2)

Comparison between different groups of observers
Among four groups of observers, all displayed poor inter‑rater 
agreement with kappa values below 0.4. Consultants had the 
highest kappa values in terms of indicating the presence of 
limbal ischemia and grading the severity of ischemia, with 
corresponding values of 0.201 and 0.203, respectively. The 
group with the second highest kappa values in indicating the 
presence and grading severity of ischemia were the residents 
(0.131, 0.185), followed by the fellows  (0.086, 0.127)  [Fig. 2]. 
The optometrists had the poorest inter‑rater agreement among 
all groups with a kappa of 0.077 when asked to indicate the 
presence or absence of limbal ischemia, and a kappa of 0.102 
when grading the severity of ischemia [Fig. 3].

When comparing the groups with highest and lowest kappa 
values, consultants displayed significantly higher inter‑rater 
agreement when compared to optometrists with P  values 
of 0.003 and <0.001, respectively  [Table 2]. Moreover, when 
compared to their fellows, consultants also displayed statistically 

higher inter‑rater agreement when indicating the presence and 
grading severity of ischemia with P values of 0.001 and 0.003, 
respectively. On the other hand, comparison between fellows 
and residents did not yield any statistically significant difference 
in values of kappa. Even after excluding the two images (Image 5 
and 7) with the lowest rate of assessability, the kappa values and 
the level of significance did not change significantly [Table 2].

Discussion
We conducted this study to assess the uniformity of diagnosing 
limbal ischemia among ophthalmic healthcare professionals. 
Our findings showed an overall low inter‑rater consistency in 
a large sample of 111 raters, regardless of their training and 
experience, in both indicating the presence of limbal ischemia 
and in grading the severity of ischemia. Our sub‑group 
analyses revealed that consultants had the highest inter‑rater 
agreement when compared to residents, fellowship trainees, 
and optometrists; however, the extent of agreement among 
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consultants was still poor, reflecting the limitations of subjective 
assessment even among specialists who had rich experience in 
managing cornea and external eye diseases. Among the four 
groups, optometrists had the lowest inter‑rater agreement 
which might be a result of a different nature of training.

The limbus, which contains epithelial stem cells, plays a vital 
role in maintaining the renewal of the corneal epithelium.[11] 
Although the importance of diagnosing limbal ischemia and its 
association with prognosis following chemical ocular injuries 
is well established in the literature,[12] there is no clinical scale 
available for clinicians to refer to when diagnosing limbal 
ischemia or objectively measuring the extent of ischemia. Hence 
the clinical assessment of limbal ischemia is largely subjective 
and the variability in diagnosing or detecting ischemia between 
different raters might contribute to misclassification of cases, 
initiation of excess or inadequate treatment, and variations 
in clinical outcomes.[1,2,13] Clinical assessment of ischemia can 
neither differentiate between full thickness or partial loss of 
limbal vasculature nor is it always associated with irreversible 
loss of limbal stem cells.[7] Dua et al.[7] attempted to overcome 
this issue by incorporating additional features such as extent 
of loss of conjunctival epithelium in their classification system, 
and replacing the words “limbal ischemia” with a broader term 
known as “limbal involvement.” However, this too is often found 
to be inadequate because the extent of limbal de‑epithelialization 
may not necessarily correlate with the extent of ischemia.

Nonetheless, slit‑lamp biomicroscopy remains as the most 
commonly employed method when evaluating the limbus 
following chemical injury. Our study has clearly shown the poor 
reliability of this subjective evaluation. As all these clinicians 
would plan their treatment regimen according to their perceived 
severity, the inconsistency in clinical assessment implies that 
each of these eyes shown in the pictures would have received 
very different therapy should they present to the participants in 
the clinics. Because of this high variability in making a diagnosis 
of limbal ischemia, additional ancillary investigations such as 
anterior segment angiography with or without using optical 
coherence tomography (OCT) technique might benefit clinicians in 
defining more precisely the area of ischemic limbus, hence guiding 
subsequent therapy and proper counseling of the prognoses 
of the patients. This also highlights the statistical paradox of 
evaluating the sensitivity and specificity of future approaches 
such as OCT angiography when the gold standard  (clinical 
slit‑lamp evaluation) itself is unreliable. Unfortunately, current 
OCT angiography platforms are not optimized for ocular surface 
imaging and there is need for standardizing the image acquisition 
and post‑processing protocols.[14]

This is the first inter‑rater study looking at the consistency 
in diagnosing limbal ischemia among a large cohort of 
ophthalmic professionals who regularly handle patients 
with ocular chemical burns. The large variation in terms of 
diagnosis, grading of severity, and determination of location 
of ischemia reflects that clinical assessment alone was much 
prone to personal bias and more objective ways of assessing the 
limbal vasculature are warranted. Since this study assumed that 
photographic examination was almost equivalent to a slit‑lamp 
biomicroscopic examination of the eye, one might argue that 
the lack of a three‑dimensional perspective or absence of 
fluorescein staining assessment might have hindered accurate 
clinical assessment. However, it was logistically impossible 
for all these ophthalmic professionals to examine all these 

patients physically within a short amount of time, particularly 
when such patients were often in discomfort because of their 
injuries. Therefore, to reduce such bias and difference between 
photos, we have adopted a standard way of capturing slit‑lamp 
photographs by the same experienced photographer and each 
participant was shown the same set of photos.

Conclusion
We conducted a simple scientific study to evaluate the 
inter‑rater variability among ophthalmic professionals in 
diagnosing limbal ischemia. Our results have clearly shown 
that a wide variability exists in identifying the presence and 
severity of limbal ischemia, even among consultants who 
had rich experience in managing corneal diseases. Additional 
objective measurement of the limbal vasculature such as 
non‑invasive OCT angiography, when available for ocular 
surface vasculature, may help define the location and amount 
of limbal ischemia more precisely in the future.
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