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Purpose: In limbal stem cell deficiency, both the Ocular Surface Disease Index (OSDI)
questionnaire and tear break-up time (BUT) are comparable between traditional methods and
the Keratograph 5M. In this study, we aimed to correlate OSDI with Keratograph 5M
interviewed OSDI, as well as slit-lamp tear BUT with Keratograph 5M noninvasive tear
break-up time (NIKBUT) in limbal stem cell deficiency.

Patients and methods: Thirty-eight limbal stem cell-deficiency patients (76 eyes) from
Virgen Macarena-Rocio Hospital (Seville, Spain) underwent this diagnostic test study. All
patients completed the traditional OSDI. We measured the BUT, performed a Keratograph
5M analysis of NIKBUT first (employed for the analysis) followed by the average NIKBUT,
the level of dryness, and conducted the OSDI questionnaire through an interview. For each
pair of tests, we analyzed the means and applied an intraclass correlation coefficient (r),
creating a Bland-Altman plot for data dispersion.

Results: Average values were 47.5 points (£25.8), and 47.3 points (£27.5) for traditional
OSDI and Keratograph OSDI, respectively (P =0.87); the r value indicates good agreement
(0.72). The Bland-Altman plot followed a linear pattern, and the results were similarly
distributed. The NIKBUT mean was shorter than the BUT mean (P = 0.007); the r value
indicates moderate agreement (0.574). The Bland-Altman plot formed an almost horizontal
line, with almost all values between the mean and two standard deviations.

Conclusion: Keratograph 5M is useful for the evaluation of the ocular surface in limbal
stem cell deficiency. NIKBUT can substitute BUT based on its advantages of being non-
invasive, objective, with intraobserver and interobserver repeatability and reliability. The
Keratograph 5M OSDI is comparable to the traditional questionnaire.

Keywords: keratograph, limbal stem cell deficiency, noninvasive keratograph tear break-up

time, ocular surface desease index, tear break-up time

Introduction

The proper diagnosis of ocular surface diseases requires the recording of a patient’s
symptoms and the measurement of signs through various tests. The Ocular Surface
Disease Index (OSDI) is a 12-item questionnaire that records the symptoms sec-
ondary to ocular surface problems and their impact on the patient’s quality of life.
The questionnaire is validated and widely used in daily clinical practice and
research studies, thus enabling the comparison of results from different studies.
The questionnaire has good validity, reliability, sensitivity, and specificity.! The
Keratograph 5M includes an OSDI, unlike the traditional OSDI, which is performed
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by a trained interviewer rather than being self-adminis-
tered. On the other hand, the tear break-up time (BUT) is
one of the most widely used tests, and it is useful for
diagnosis and for managing the treatment of dry eyes.”
However, the test is invasive and observer-dependent,
which gives it a low reproducibility and clear limitations
when comparing results from different diseases and the
response to treatments.® There is, therefore, considerable
interest in finding a method that can measure tear stability
objectively, reproducibly, and noninvasively. The Tear
Film and Ocular Surface Society Dry Eye Workshop
(TFOS DEWS 1II)* recently recommended using auto-
mated noninvasive measurement techniques that allow
for an objective assessment of the undisturbed tear film.
The noninvasive BUT is performed noninvasively without
fluorescein. The noninvasive BUT was primarily measured
with the Tearscope (Keeler, Windsor, UK) which measures
the break-up of tears by observing the distortion of an
image projected on the cornea and counting the time it
takes the image to break-up after a blink. The method is
subjective; an observer uses the slit-lamp to observe any
disruption in the tear image projected by the Tearscope.’
The noninvasive BUT test performed by the Keratograph
5M measures BUT based on the analysis of the disruption
of the reflections of Placido rings in the tear film in an
automated manner and without using staining, which gives
the test the properties mentioned above.

One of our study objectives was to determine whether
the difference in collecting information, i.e., between self-
administered tests and those that are conducted by trained
interviewers, influences the test results. The comparison of
both tear BUT measurements was the other goal of our
study. Our target population was patients with limbal stem
cell deficiency, due to the important surface problems they
present and in which we should not use invasive techni-
ques. To our knowledge, none of these comparisons have
been studied in limbal stem cell deficiency. If the measure-
ments are comparable, the use of Keratograph SM in the
evaluation of patients with limbal stem cell deficiency may
be advantageous given the non-invasiveness of the techni-
que on an already damaged surface.

Materials And Methods

This was a concordance study of additional tests and an
assessment of diagnostic scales. The study was conducted
with patients diagnosed with limbal stem cell deficiency
from the Ophthalmology Clinical Management Unit at the
University Hospital Virgen Macarena and the University

Hospital Virgen del Rocio of Seville. The inclusion criteria
were patients who were older than 18 years old and signs
and symptoms compatible with limbal stem cell deficiency
according to the Dua clinical criteria.® The exclusion cri-
teria were patients who could not complete the case his-
tory review and basic clinical examination. The study was
approved by the Ethics Committee of Hospital Virgen
Macarena with a commitment to respect the fundamental
principles of the Declaration of Helsinki and the Council
of Europe Convention regarding human rights and biome-
dicine. The patients were informed of the details of the
study and given an information sheet and an informed
consent form, which they signed in duplicate. The data
recorded during the study are protected by Law 15/1999 of
December 13 on the Protection of Personal Data.

To calculate the sample size, we employed nQuery
Advisor Release 7.0 (Statistical Solutions, Broadway,
Saugus, Massachusetts, USA, 2002). We employed the
intraclass correlation coefficient as a measure of the relia-
bility between measurements performed by different meth-
ods on the same participants. To this end, we calculated a
sample size for which we assumed an expected value of
0.6 in the most unfavorable situation, a 95% confidence
level, an interval precision or amplitude of 0.15 and the
performance of two measurement methods. With this
information, we calculated a sample size of at least 71
eyes.

In the initial visit, we recorded age, sex, and etiology
of the limbal stem cell deficiency and performed the tradi-
tional OSDI questionnaire and a slit-lamp examination of
the BUT. The OSDI employed was the Spanish-validated
version.” This is a self-administered questionnaire that was
given to the patients who were instructed to fill it out. The
resulting values classified dry eyes as “normal” for 0-12,
“mild” for 13-22, “moderate” for 23-32, and “severe” for
33-100.% We performed the BUT once per eye after instil-
ling in the inferior fornix one 2% fluorescein eye drop
(Colircusi Fluoresceina, 20 mg/mL, colirio en solucion,
Alcon-Cusi, El Masnou, Barcelona, Espafia) and waiting
for the break-up of the tear film. No micropipette was used
because they were not available. We employed the slit-
lamp’s blue light with the beam width fully open. Values
<10 seconds were considered pathological.

In order to prevent alteration of the keratograph results,
the two visits were separated by at least 48 hrs from the
time when fluorescein eye drops were instilled. The same
room with the same lighting (mesopic conditions) and the
temperature was used for all encounters. Temperature and
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humidity in the room were measured and registered and
ranged between 22-25°C and 45-55%, respectively.

During the second visit, we performed a study of the
ocular surface using the Keratograph SM (Oculus, Wetzlar,
Germany). Using the Oculus TF-Scan module, we mea-
sured the Keratograph 5M noninvasive tear BUT
(NIKBUT) (once per eye), which is a noninvasive measure
of the time between a blink and the disruption of the rings
reflected in the tear film. The Keratograph 5M provides the
first and average NIKBUT and the level of dry eye accord-
ing to the tear BUT. Of these, we mainly used the
NIKBUT-first because it more closely resembles the ori-
ginal BUT. After the examination with the TF-Scan, we
performed the OSDI questionnaire, which is included in
the Keratograph SM. The questionnaire was administered
by the examiner during the patient interview.

Data analysis was performed using IBM SPSS
Statistics 22.0© statistical suite for Windows©. In the

ETIOLOGY

descriptive analysis, we used percentages for the qualita-
tive variables and means for the quantitative variables
(and standard deviations) and medians (with P25 and
P75 percentiles for markedly asymmetric distributions.
In the study of the correlation between traditional OSDI
and Keratograph OSDI and between BUT and NIKBUT,
we analyzed the means for any differences. After con-
firming that there were no statistically significant differ-
ences, we applied an intraclass correlation coefficient (7).
To observe the data dispersion, we generated a Bland-
Altman plot.

Results

We recruited 38 patients (76 eyes), with a mean age of

54.63 years (95% CI: 34.73-74.53). Of all the patients,

57.1% were women. The etiology is presented in Figure 1.
The traditional OSDI in hardcopy format achieved an

average value of 47.5 points (£25.8), while the

¥ Ocular cicatricial pemphigoid

& Ocular rosacea

“ Dry eye

& Atopic keratoconjunctivitis

& Graft versus host disease

% Thermal or chemical burns

¥ Herpetic keratitis

™ latrogenic due to toxicity, surgery or

chemotherapy

Recurrent pterygium
2%
¥ Extended wearing of contact lens

« Severe infectious keratitis{not herpetic)

¥ Lyell’s syndrome

Unidentified origin

Figure | Sector plot of the etiology of limbal stem cell deficiency. The corresponding percentages for each group are shown. Each etiology is represented with a different

color.
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Keratograph OSDI scored 47.3 points (+27.5). There were
no statistically significant differences (P =0.87) between
the two means. The intraclass correlation coefficient
achieved a value of 0.72 (0.53-0.834), which indicates a
good agreement between the two questionnaires. In the
Bland-Altman plot, we observed that the measures were
encompassed between the mean and two standard devia-
tions following a linear pattern, demonstrating that the
results of the two tests were very similar. See the plot in
Figure 2.

Concerning tear break-up time, we observed a bias
since our measures of BUT were limited to 10 seconds,
the borderline value of normality, while the NIKBUT
automatically reached 24 seconds as a maximum value.
For comparison purposes, the data were adjusted, and we
selected the NIKBUT data with values <10 seconds. The
mean BUT and the NIKBUT-first values were 3.3

seconds (95% CI: 0.3-6.3) and 2.46 seconds (95% CI:
—0.64 to +5.56), respectively. When comparing the mean
BUT with the NIKBUT-first values, we obtained statisti-
cally significant differences (p =0.007). The NIKBUT-
first values were shorter than the BUTvalues (difference
ranging from 0.97 to 4.8). From here, we analyzed the
intraclass correlation coefficient, obtaining a value of
0.574 (0.213-0.769) which was considered moderate
agreement (0.4-0.6) between the two tests. In the
Bland-Altman plot, we observed that the NIKBUT and
BUT measures fit one another, forming an almost hori-
zontal line, showing linearity between the two tests that
measure the same variable but with different methods.
Almost all values were between the mean and two stan-
dard deviations (Figure 3). We also observed that the
greatest dispersion was for the nonextreme values in the

middle area of the graph.
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Figure 2 Bland-Altman plot of the relationship between the classical self-administered Ocular Surface Disease Index (OSDI) and the Keratograph 5M OSDI. The measures
were encompassed between the mean and two standard deviations following a linear pattern, demonstrating that the results of the two tests were very similar.

submit your manuscript

2028

Dove

Clinical Ophthalmology 2019:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Alfaro-Juarez et al

10,00+ o
o
N
[¢]
w o i
% 5,00
w
&
TS o
= o
()] lean
a ,00 o L) (e} o
1 o

- . e
2 °
x o ®e
Z [o]

07 e o

-10,00 T T T T T T
,00 2,00 4,00 6,00 8,00 10,00

NIKBUT BUT MEAN

Figure 3 Bland-Altman plot of the relationship between the keratograph noninvasive tear break-up time (NIKBUT) and tear break-up time (BUT). The two tests fit one
another, forming an almost horizontal line, showing linearity. Almost all values were between the mean and two standard deviations.

Discussion

We first analyzed the correlation between the traditional
OSDI translated and validated for Spanish and the inter-
viewed Keratograph OSDI. The OSDI questionnaire vali-
dated by Rhett Schiffman et al in 2000' was designed for
diagnosing any type of dry eyes and classifying its sever-
ity. The questionnaire had good correlations with other
tests for dry eyes such as the Schirmer and tear BUT
tests, the 25-item National Eye Institute Visual Function
Questionnaire, McMonnies, and the Short Form-12 Health
Status questionnaires."’ Although the OSDI was origin-
ally designed for dry eye disease, it has also been used for
assessing the effect on the ocular surface of antiglaucoma
‘[realtment,10 contact lens,!! thyroid eye disease,12 and

Meibomian gland dysfunction,'?

among other numerous
diseases. The 2007 Dry Eye WorkShop workgroup
described the OSDI questionnaire.'* It should be noted

that the OSDI appears as a self-completion test where

the patient is invited to fill out its 12 questions. The text
of the Keratograph OSDI is similar to that of the tradi-
tional OSDI; however, the method for collecting the infor-
mation is substantially different because for the
Keratograph 5M the examiner asks the questions and can
answer the patient’s doubts in a dynamic and interactive
setting. Based on our results, we can confirm that although
both questionnaires change their method for collecting the
information, they use similar methods for measuring ocu-
lar surface symptoms, at least in patients with limbal stem
cell deficiency, with either of the two questionnaires being
used interchangeably. Clayton et al studied the correlation
of several questionnaires used for measuring vision, com-
paring the classical hardcopy questionnaires and those
filled in via webpages, for patients with ocular surface
disease (n = 68) and healthy patients (n = 50). Similar to
our experience with the OSDI questionnaire, the authors

found no statistically significant differences between the

Clinical Ophthalmology 2019:13

submit your manuscript

2029

Dove


http://www.dovepress.com
http://www.dovepress.com

Alfaro-Juarez et al

Dove

two methods. The only statistically significant result was
among the scores achieved by patients older than 40 years,
which was higher than that of patients younger than 40
years, in both types of questionnaires and due to poorer
ocular surface condition'> OSDI was designed to analyze
dry eye disease and severe dry eye was considered when
OSDI score was greater than 33. Our patients presented a
higher rate of ocular discomfort, with a mean score of 47
points due to the fact that limbal stem cell deficiency is
related to serious ocular surface problems.®

We correlated the BUT and the NIKBUT. Both these
parameters measure the same variable (tear film stability)
but in different ways. A BUT <10 seconds is abnormal,'®
and a BUT <5 seconds indicates dry eyes,'* while a BUT
between 5 and 10 seconds is marginal or suspicious.
According to Goto et al, BUT has a sensitivity and speci-
ficity for dry eyes of 75% and 60%, respectively.'’
However, BUT is known to have low reproducibility,
because this test is influenced by the examiner’s experi-
ence, partial blinking, the type of slit-lamp lighting and by
the characteristics of the fluorescein eye drops (volume
instilled, pH, concentration, preservatives, fluorescein
strips  versus eye drops).>'®' There have, therefore,
been attempts to measure tear stability objectively, repro-
ducibly, and noninvasively.’

The NIKBUT is considered a noninvasive (“does not
involve instillation of fluorescein, blinking is natural, not
forced or suppressed and there is no contact between the

measuring instrument and the eye or eyelids™

) and objec-
tive method that measures BUT based on the analysis of
disruption of the reflections of Placido rings in the tear film.
The Keratograph 5M provides several measures of this
parameter: the NIKBUT-first, the average NIKBUTand the
level of dry eyes according to the NIKBUT. NIKBUT-first
refers to the tear BUT that first occurs after a blink and the
disruption of one of the rings projected on the tear film. The
average NIKBUT is the mean break-up time of all mea-
sured areas in the cornea within 24 seconds, which is the
maximum measurement period. The level of dry eyes
according to the NIKBUT is the level of tear instability
the software assigns according to the reference values in
Table 1 (Keratograph 5M dry eye level).

In 1985, Mengher obtained higher values with noninva-
sive BUT than with BUT in healthy patients and rationalized
these results by the tear instability caused by the fluorescein
eye drops.'® Cebreiro et al reported that the automatic non-
invasive BUT measurements (e.g., NIKBUT) were similar to

those obtained clinically (BUT) by an expert observer.”’

Table | Keratograph 5M Dry Eye Level

Dry Eye Level

First Keratograph
5M Noninvasive
Tear Break-Up
Time

Mean
Keratograph 5M
Noninvasive Tear
Break-Up Time

Stable
Suspected
Abnormal

=10 seconds
6-9 seconds
<5 seconds

=14 seconds
8-13 seconds
<7 seconds

“Too short of a <1.5 seconds

time”

Other authors such as Cho, Nichols et al obtained poor
correlations between BUT and noninvasive BUT (not auto-
mated like the NIKBUT), with typically longer noninvasive
BUT results than the BUT.?'? In 2011, Pult et al compared
tear stability, measured with the Keeler Tearscope (nonauto-
mated noninvasive BUT) and Oculus Keratograph
(NIKBUT) and obtained a good correlation (» = 0.54).
However, the NIKBUT was shorter than the noninvasive
BUT obtained with the Tearscope. On the other hand, the
authors observed better reproducibility and predictability for
dry eyes (diagnosis based on symptoms and OSDI) with the
Tearscope than with the Keratograph.”> Best et al also
obtained shorter values with the Keratograph than with the
Tearscope, observing a better correlation between the values
obtained with the Tearscope and the patient’s symptoms.
These authors reported that when the Keratograph is adjusted
to the Tearscope values, there is a better adjustment to the
symptoms.”* Hong and Best obtained shorter NIKBUT
values than with the classical BUT and Tearscope,
respectively.”**> These authors postulated that, because it is
a more objective and sensitive method, it can more quickly
detect tear break-up than an observer in the slit-lamp.>**
Moreover, Madden et al highlighted the lack of interobserver
reproducibility in the noninvasive BUT when this was mea-
sured subjectively, as occurs with the Tearscope.?
Repeatability and reproducibility of NIKBUT obtained with
Keratograph 5M were acceptable for both healthy and dry
eye patients.”’ In our study, the BUT and the NIKBUT
measurements were performed by a single examiner,
although the NIKBUT does not depend on the examiner.
Although our results confirm shorter times of the
NIKBUT when compared with the BUT, the real problem
with the noninvasive BUT (obtained with the Tearscope)
and BUT is that the methods are subjective and lack
reproducibility, as confirmed by Madden.?® The results of

these methods cannot, therefore, be inferred and compared
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with those of other studies, treatments, or diseases. The
NIKBUT is obtained objectively by the Keratograph and is
observer-independent. The data cannot be modified, and
greater accuracy is achieved than with subjective methods.
In this study, the NIKBUT was obtained by following
Mengher’s specifications, who describes the NIKBUT as
the time from the last complete blink to the first distortion
of the rings projected on the tear film.'® Hong et al
reported that the NIKBUT values were lower than the
BUT values (measured with 1% fluorescein without pre-
servatives) and stated that the Keratograph 5M detects tear
film disruptions earlier, even though the two measures are
well correlated (Spearman’s test P =0.55).> Our results
are similar to those of Hong et al; the values obtained with
the NIKBUT were shorter than those with BUT.
Furthermore, Hong et al reported good intraobserver and
interobserver reproducibility for the NIKBUT, with coeffi-
cients of variation (CV) of 12.8% and 15.4%, respectively,
and intraclass correlation coefficients () of 0.93 and 0.88,
respectively.” In our study, the intraclass correlation coef-
ficient was lower although moderate to good (» 0.57). We
should clarify that Hong measured this parameter in a
more uniform sample with dry eye disease, while we
measured it in patients with limbal stem cell deficiency
of multiple etiologies and in different stages, which could
be a source of variability in this measure. Lastly, Hong et
al obtained a sensitivity for dry eyes of 84.1% and a
specificity of 75.6%.%> Sweeney et al advocated methods
for measuring tear stability that was objective and that
only measured in the interval of a normal blink, without
using any substance that could change the blink. These
authors also indicated that the study of the lipid portion of
the tear (e.g., through interferometry) could provide more
information.” The Keratograph 5M also measures the lipid
layer of tears according to a color scale assisted by inter-
ferometry; however, the Keratograph 5M still does not
quantify the layer numerically. These objectives methods
for measuring tear stability should also have intraobserver
and interobserver repeatability and reliability for compar-
ing the results of patients with different diseases and in
response to different treatments.

The current study had a few limitations. First, the
inclusion of patients with limbal stem cell deficiency of
multiple etiologies and in different stages results in a
source of variability. Although it is difficult to recruit a
proper sample size of this disease, more homogeneous
samples must be recruited and only one eye per patient
measured in further studies.

must be Secondly,

questionnaire administration was not randomized in this
study. We recommend a randomization in the order of
administration in future studies. Also, repeated measure-
ments per eye and the use of a micropipette to control the
amount of fluorescein instilled could improve the data.

Conclusion

The NIKBUT can thereby be an appropriate substitute for
BUT, providing advantages of noninvasiveness, objectivity,
intraobserver and interobserver repeatability, and reliability
to the already damaged ocular surface of limbal stem cell-
deficient patients. Both tests are well correlated, even
though the population had various degrees of limbal stem
cell deficiency and different etiologies that affect the ocular
surface condition. Also, the device includes an OSDI com-
parable to that of the traditional questionnaire. For these
reasons, we propose that the Keratograph 5M is a useful
tool for evaluating limbal stem cell deficiencysurface.
Despite having used a considerable sample size given the
entity we manage, the evidence provided by the results
could be improved by increasing the sample for proper
randomization. Further studies along this line are warranted.
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