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SUMMARY - The aim was to determine feasibility and reliability of noninvasive tear break-up
time (NIBUT) assessment using handheld lipid layer examination instrument, and to compare it with
standard tear break-up time (TBUT) test. Fifty patients were enrolled, 31 with and 19 without dry
eye symptoms. Schein questionnaire was used to assess dry eye symptoms. During examination, three
NIBUT measurements were performed on each eye using handheld instrument, followed by three
TBUT measurements. Receiver operating characteristic curves, sensitivity, specificity and logistic re-
gression analysis were generated. Median NIBUT values were significantly shorter in dry eye symp-
tom group than in control group in all three measurements (9, 8 and 8 s vs. 21,22 and 21 s; p<0.001).
TBUT values showed no significant difference between the groups in the first measurement (p=0.053),
but the values were significantly shorter in dry eye symptom group in second and third measurements
(p=0.020). The cutoff value to distinguish patients with symptoms of dry eye from control group was
12 seconds for NIBUT and 8 seconds for TBUT, with NIBUT having significantly higher sensitivity,
specificity, area under the receiver operating characteristic curve and positive predictive value. NIBUT,
measured by handheld lipid layer examination instrument, was superior to TBUT in detecting dry eye.
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Introduction

Tear film stability is the most important indicator
of tear film (dys)function’. Reduced tear film stability,
as well as increased tear osmolarity are hallmarks of all
forms of dry eye, as highlighted by the Tear Film and
Ocular Surface Society (TFOS) Dry Eye WorkShop
(DEWS) definition of dry eye amended by the TFOS
DEWS II%3.

According to the National Eye Institute/Industry
Workshop, tear film break-up time (TBUT) is accept-
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ed as the global criterion of dry eye*, despite the fact
that many studies criticized it as imprecise and unre-
producible’.

Tear film break-up time is a standard, routine and
widely accepted test for tear film stability assessment.
It is an invasive method that requires instillation of
fluorescein solution in the eye. Instillation of fluores-
cein disturbs tear film equilibrium, resulting in in-
creased evaporation and tear film destabilization®. It is
usually performed by using standard fluorescein strips
or reduced volume of fluorescein solution in order to
improve its reproducibility”®. In normal eyes, TBUT
values range from 3 seconds (s) to 132 s, with an aver-
age of 27 °. TBUT less than 10 s suggests an abnor-
mal tear film, with values of 5 s t010 s considered mar-
ginal, and less than 5 s indicative of dry eye'’. The sen-
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sitivity and specificity of TBUT is 75% and 60%, re-
spectively'!.

Given the lack of TBUT reproducibility, numerous
noninvasive techniques have been reported. These
techniques avoid instillation of fluorescein and there is
no contact between the measuring instrument and the
eye or eyelids. It is also important that the methodol-
ogy does not substantially alter ocular environment
such as ocular surface temperature from illumination
systems', enabling tear film assessment in its unal-
tered condition. Noninvasive testing is considered
more precise, repeatable and therefore preferable to
invasive testing in tear film stability assessment. Gen-
erally, in normal population, TBUT and noninvasive
tear break-up time (NIBUT) are poorly correlated,
4+/-12 s, with NIBUT being longer'>'. The range in
normal population was 4 s to 214 s, median 4-19 s'>6.
However, in patients with dry eye, NIBUT and TBUT
values are almost the same''. The cutoff values for
positive finding can be as low as 2.7 s for automated
algorithms and up to 10 s for subjective observation
techniques'® 2.

Noninvasive tear break-up time test is usually per-
formed by sophisticated and expensive instruments,
Tearscope?, keratometers, or complicated computer-
ized systems, topographic analysis systems including
videokeratoscopy, ocular surface thermography, or lat-
eral shearing interferometry. These instruments are not
readily available to most practitioners and are there-
fore not accepted for everyday clinical practice, which
is probably the reason why not many papers describe
their clinical use®!1%1%21-23,

Lipid layer on top of the surface of tear film can be
visualized on the corneal surface by interference be-
tween light reflected from the lipid layer and from in-
terface between that layer and the aqueous layer, in the
shape of colored fringes*. This method is called inter-
ferometry?>. Interferometry uses cold diffuse white
light to evaluate lipid layer surface.

Currently, Tearscope is the only commercially
available instrument for measuring tear film lipid layer
thickness, as well as NIBUT?. The instrument is,
however, no longer being manufactured, potentially
because of its price and scarcity of published data de-
scribing its use.

However, it is still important to assess tear film
lipid layer, as it gives us an idea which layer, aqueous or
lipid, is deficient. In recent literature, there is descrip-
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tion of the new handheld lipid layer examination in-
strument®. It consists of commercially available
handheld LED torch, modified with opaque white
filter that enables it to project wide diffuse white light
onto the corneal surface. As it produces the same type
of light as Tearscope, it can measure lipid layer thick-
ness and NIBUT in the same way as Tearscope, as is
explained in more detail in the Methods section, and it
therefore might enable NIBUT measurement to be-
come part of everyday clinical practice.

'The aim of this study was to determine the feasibil-
ity and reliability of NIBUT assessment using hand-
held lipid layer examination instrument, and to com-
pare the values with those obtained by standard test,
TBUT, in order to investigate the possibility of using

it in routine practice.

Subjects and Methods

This cross-sectional study was conducted at the
Department of Ophthalmology, Zagreb University
Hospital Center, Zagreb, Croatia. A total of 50 pa-
tients visiting Ophthalmology Outpatient Depart-
ment over a two-month period were enrolled in the
study. First, a case history using standardized Schein
questionnaire, modified for issues relevant to this re-
search, was obtained in order to determine the extent
of dry eye symptoms (Table 1)¥. Afterwards, all sub-
jects underwent standard ophthalmology examination
including TBUT and NIBUT measurement, using slit
lamp and handheld lipid layer examination instru-
ment. Inclusion criteria required subjects to be 18 or
older, not to be contact lens wearers, to have normal
other anterior ocular surface findings, and not to use
any topical ophthalmic medication. Excluded were all
patients with previous ocular trauma, acute infection,
glaucoma, ocular surgery in the past year, any other
ocular surface diseases and irregularities, systemic dis-
eases or medications that would alter the ocular sur-
face, or poorly cooperating patients. The study protocol
was approved by the institutional Ethics Committee
and was performed in adherence with the guidelines of
the Declaration of Helsinki. The patients received both
written and oral information about the study and
signed a written informed consent.

Schein questionnaire is a disease-specific question-
naire used to measure patient-reported symptoms of
dry eye and to quantify the specific impact of dry eye
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on vision related quality of life. Schein subscale scores
can range from O to 20, with higher scores indicating
more problems or symptoms®.

During slit lamp examination, NIBUT measure-
ment was performed first by using handheld lipid layer
examination instrument. The subject was asked to
blink once and then to refrain from further blinking. A
stopwatch was started after the last complete blink.
During that period, NIBUT was measured using slit
lamp and handheld lipid layer examination instru-
ment. The instrument was held obliquely and 5 cm
from the corneal surface in order to illuminate as large
corneal surface area as possible. At the first sign of ir-
regularities on the lipid layer surface, the stopwatch
was stopped and the time noted. If the subject blinked

Table 1. Schein questionnaire

There are 6 questions, as follows:
1. Do your eyes ever feel dry?

2. Do you ever feel a gritty or sandy sensation

in your eye?
. Do your eyes ever have a burning sensation?
. Are your eyes ever red?
. Do you notice much crusting on your lashes?
. Do your eyes ever get stuck shut in the morning?

N Ut AW

Symptoms are graded as:
* rarely
* sometimes
* often or
« all of the time

during measurement, the test was halted and then re-
peated after several blinks. The time interval between
the last blink and the first sign of breaks in uniform
lipid layer surface was recorded in seconds as the
NIBUT. The procedure was repeated three times on
both eyes, first right than left eye (Fig. 1).

After NIBUT measurement, TBUT was measured
using standardized fluorescein strips (Biotech, Fluo-
rescein Sodium Ophthalmic Strip USP, Lake Forest,
IL, USA). For TBUT measurement, the subject was
seated comfortably and asked to look downwards. The
upper lid of the right eye was slightly lifted and the
fluorescein strip was moistened with saline. The excess
fluid was shaken oft from the strip, and it was then
used to stain the ocular surface. Subject was asked to
keep the eyes open while looking straight ahead. The
stopwatch was started after the last blink and the ap-
pearance of dry spots on the corneal surface was ob-
served with the cobalt blue light of the slit lamp. At
the first appearance of dry spots, the stopwatch was
stopped. The time interval between the last blink and
the first appearance of dry spots was recorded in sec-
onds as the TBUT. The procedure was repeated three
times on both eyes, first right than left eye. A single
examiner (S.V.P.) collected the data.

Handheld lipid layer examination instrument
works on the same physical principle as Tearscope. It is
not harmful, hazardous or uncomfortable for the pa-
tient. Its light source are 9 single LED lamps covered
with uniformly opaque wide white plastic filter, which

Fig. 1. (4) Handheld lipid layer examination instrument; (B) noninvasive tear film break-up time assessment using
slit lamp and handheld lipid layer examination instrument (the person, demonstrator in Figure 1B is not a patient but
the first author); (C) appearance of irregularities on the lipid layer surface after a blink.
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creates bright, wide and uniform reflection from the
corneal surface. The light source satisfies the criteria
for class 1 light source (class 1: eye-safe under all oper-
ating conditions (LED and Laser Classification Sys-
tem in EN 60825-1 and IEC 60825-1)). It fits in the
pocket, and the price is only slightly higher than that
of a regular flashlight*>*. It is used together with slit
lamp (Fig. 1). This instrument is not currently com-
mercially available, but several hundreds were manu-
factured by several pharmaceutical companies for pro-
motional purposes and distributed for free among Eu-
ropean ophthalmologists. However, due to its simplic-
ity, it can be very easily made again.

Statistical analyses were performed using Statistica
software package version 12 (StatSoft, Inc., Tulsa, OK,
USA) and SPSS software package version 24.0. (IBM,
Armonk, NY, USA). The results were presented as
means + SD, median (min-max) and percentages. Dif-
ferences in distributions of continuous data were de-
termined by T-test. Differences in distributions of cat-
egorical data were evaluated by y*-test. The normality
of distribution was tested by Shapiro-Wilks W' test
and homogeneity of variance by Leven test. The Spear-
man rank correlation test was used. The sensitivity and
specificity were calculated and area under the ROC
curve (AUC) was used to assess the ability to differen-
tiate dry eyes from normal eyes with each testing pa-
rameter. An AUC of 1.0 represents perfect discrimina-
tion, whereas an area of 0.5 represents chance discrim-
ination. Logistic regression analysis was used to assess
the strength and independence of associations. The
level of statistical significance was set at p<0.05.

Results

This study included 50 patients (10 male and 40
female), mean age 58.52+14.86 years. According to
dry eye symptoms evaluated by Schein questionnaire,
patients were divided into two groups: group with dry
eye symptoms (Schein questionnaire score 1-20) and
control group without dry eye symptoms (Schein
questionnaire score 0). Descriptive statistics of basic
characteristics of patients included in the study are
shown in Table 2.

Dry eye symptom group had a significantly shorter
NIBUT than control group in all three measurements,

especially in the second measurement (8 (2-30) vs. 22
(10-48), t=-4.96,p<0.001). TBUT did not significant-
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Table 2. Basic characteristics of subjects divided into two
groups according to dry eye symptoms evaluated by Schein
questionnaire

Dry eye Control
group group =" | p
(n=31) (n=19)
Age . 156.97+14.11 |61.05+16.08 |-0.94%|0.351
(years)
Gender |50, 32/68 2.57" | <0.001°
(m/f)

*mean + SDj; *percentage; “t-test df=48; "y>-test df=1

Table 3. NIBUT and TBUT wvalues in the first, second
and third measurement of the right eye in patients
divided into two groups according to dry eye symptoms
evaluated by Schein questionnaire

Dryeye |Control

group | group t-value |p

(n=31) |(n=19)
11\1} Egglg s) 9 (3-35) |21(4-43) |-4.17 |<0.001
Zfoggng s) 8 (2-30) |22 (10-48) |-4.96 |<0.001
13\1(11 lselsjt};g ®) 9 (2-32) |21(3-50) |-4.37 |<0.001
;Eﬁggng s) 5(2-28) |10(3-20) |-1.97 0.053
;?g;{ing s) 5(2-24) |8(3-22) |-2.40 |0.020
;{?g;{ing ) 5(2-27) |10 (3-28) |-2.40 |0.020

median (min-max) T-test df=48; NIBUT = noninvasive break-up
time; TBUT = tear break-up time; s = second

ly differ in the first measurement between the observed
groups (p=0.053), although in the second and third
measurements it was significantly shorter in dry eye
symptom group than in control group (p<0.020).
When comparing differences of NIBUT and TBUT
in the first, second and third measurements between
the groups, it can be noticed that the differences were
much more significant in NIBUT scores than in
TBUT scores (<0.001, <0.001, <0.001 @s. 0.053,0.020,
0.020) (Table 3).

A significant positive correlation between NIBUT
and TBUT was recorded in all three measurements
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(p<0.001), with the most significant correlation ob-
served in the third measurement (Spearman R=0.832,
t(N-2)=10.399, p<0.001) (Table 4, Fig. 2).

The most sensitive and specific NIBUT threshold
between normal and patients with dry eye symptoms
in our study was found to be 12 seconds. At the cutoft
0f12 s, NIBUT showed 65.62% sensitivity and 73.68%
specificity in the first testing, 74.19% and 89.47% in
the second, and 70.97% and 83.33% in the third mea-
surement (Table 5). By contrast, at cutoft of 10 s,
NIBUT showed poor sensitivity (58.32%, 64.52% and
61.37%) and poor specificity (54.12%, 69.72% and
61.19%) in all three measurements. TBUT threshold
between normal and patients with dry eye symptoms
in our study was found to be most sensitive and spe-
cific at 8 seconds. At cutoff of 8 s, TBUT showed
74.19% sensitivity and 68.42% specificity in the first,
77.42% and 78.95% in the second, and 77.42% and
84.21% in the third measurement (Table 5). By con-
trast, at a cutoff of 10 s, TBUT showed poor sensitiv-
ity (59.72%, 63.12% and 71.97%) and poor specificity
(47.72%, 52.61% and 60.39%) in all three measure-
ments. The results also indicated that the critical value

Table 4. Correlation between NIBUT and TBUT
in the first, second and third measurement of the right eye
in study patients

Correlation between NIBUT and TBUT
Spearman R t(N-2) p

1 testing | 0.749 7.834 <0.001

2" testing | 0.772 8.423 <0.001

3 testing | 0.832 10.399 <0.001

NIBUT = noninvasive break-up time; TBUT = tear break-up time

of 12 seconds for NIBUT achieved the best sensitivity
and specificity in the second measurement (74.19%
and 89.47%, respectively), while the TBUT critical
value of 8 seconds achieved the best sensitivity and
specificity in the third measurement (77.42% and
84.21%, respectively). NIBUT in the first, second and
third measurements showed higher area under the
ROC curve (AUC) than TBUT in all three measure-
ments, which emphasized better capability of NIBUT
than TBUT in detecting dry eye symptoms. The high-
est AUC NIBUT had in the second measurement
(0.855), which was significantly higher than the best
TBUT AUC in the third measurement (0.722) (Table
5, Fig. 3).

The highest positive predictive value (PPV) and
negative predictive value (NPV) of NIBUT were ob-
served in the second measurement (PPV=92.00%,
NPV=68.00%), and of TBUT in the third measure-
ment (PPV=88.88%, NPV=69.57%) (Table 6).

Logistic regression analysis showed that female
gender, Schein questionnaire score, NIBUT in the
second and third measurements, and TBUT in the
third measurement were the main predictors and indi-
cators of dry eye symptoms. The increasing prevalence
of dry eye symptoms was significantly related to fe-
male gender (OR=0.31, 95%CI 0.26-0.37, p<0.001)
and higher Schein questionnaire score (OR=0.19,
95%CI 0.06-0.58, p=0.003). Lower NIBUT observed
in the second and third measurements and TBUT in
the third measurement also increased the prevalence of
dry eye symptoms to a significant extent (OR=0.30,
95%CI 0.21-0.47, p<0.001; OR=0.72, 95%CI 0.51-
1.00, p=0.047; OR=0.09, 95%CI 0.01-0.84, p=0.029)
(Table 7).
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Fig. 2. Correlation between noninvasive break-up time (NIBUT) and tear break-up time (TBUT) on the (A) 1%,
(B) 2" and (C) 3" measurement of the right eye in study patients.
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Table 5. Comparison of sensitivity, specificity and area under the ROC curve between NIBUT and TBUT in thefirst,
second and third measurement of the right eye in study patients

Sensitivity (%) |Specificity (%) |AUC |AUC Sensitivity (%) |Specificity (%)
NIBUT 1% |65.62 73.68 0.809 0.702 74.19 68.42 TBUT 1+t
NIBUT 2~ |74.19 89.47 0.855 0.701 77.42 78.95 TBUT 2 ¢
NIBUT 3+ |70.97 83.33 0.818 |0.722 |77.42 84.21 TBUT 3t

AUC = area under the ROC curve; NIBUT = noninvasive break-up time; TBUT = tear break-up time
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Fig. 3. ROC curves for noninvasive break-up time (NIBUT) and tear break-up time (TBUT) in the (4) 17,
(B) 2" and (C) 3 measurement of the right eye in study subjects.

Table 6. Positive and negative predictive values of NIBUT and TBUT in the first, second and third measurement
of the right eye in study patients

PPV (%) NPV (%) PPV (%) NPV (%)
NIBUT 1+ testing  |81.48 57.69 79.31 61.90 TBUT 1+ testing
NIBUT 2™ testing | 92.00 68.00 85.71 68.18 TBUT 2 testing
NIBUT 3 testing | 87.50 60.87 88.88 69.57 TBUT 3+ testing

PPV = positive predictive value; NPV = negative predictive value; NIBUT = noninvasive break-up time; TBUT = tear break-up time

Table 7. Predictors and indicators of dry eye by use Discussion
of logistic regression analysis

Lack of reports, inaccessibility and lack of unifor-

. Dry eyeo mity of NIBUT assessment methods make their inter-
Variable OR (95% CI) P pretation difficult, especially in everyday clinical use.
Age 1.02 (0.95-1.09) 0.623

8 : e : NIBUT values obtained using different noninvasive
Gender (female) 0.31 (0.26-0.37) <0.001

techniques widely differ. Patel ez a/?® found the mean
tear thinning time (T'TT) values to be ~16 s for nor-
mal and 7 s for dry eyes using Bausch and Lomb kera-
tometer, whereas Craig e a/* found it to be 18.6 s
using modified Bausch and Lomb keratometer. Meng-
her er al® report NIBUT values using a hemispheric
bowl with rectangular grid pattern, ranging from 4 s to
214 s, with a mean of 42 s. In the study by Fuller ez
NIBUT = noninvasive break-up time; TBUT = tear break-up time ~ a/.’, the mean NIBUT obtained by Keratograph 4 in

Schein questionnaire | 0.19 (0.06-0.58) 0.003
NIBUT 1¢ testing 1.18 (0.91-1.52) 0.194
NIBUT 2% testing ~ |0.30 (0.21-0.47) | <0.001
NIBUT 3 testing 0.72 (0.51-1.00) 0.047
TBUT 1+ testing 1.20 (0.92-1.57) 0.177
TBUT 2 testing 1.02 (0.55-1.87)  |0.829
TBUT 3 testing 0.09 (0.01-0.84) 0.029
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Caucasians was found to be 8.9 s with minimum of 0.2
s and maximum of 24 s, and mean NIBUT 9+4 s. Koh
et al* report on the mean NIBUT of 9.7+6.7 s in con-
trol group and 4.6£1.3 s in dry eye group, obtained by
Keratograph M5, whereas Hong ez a/’! report it to be
4.3+0.3 s in normal group and 2.0+0.2 s in dry eye
group as measured by Oculus Keratograph. According
to Gumus ef al*?, the mean NIBUT values were
4.91+1.62 s in normal subjects and 2.40+2.47 s in pa-
tients with dry eye symptoms using Tear Stability
Analysis System. Sue e# al. published a new method,
ocular surface thermography, used to measure NIBUT.
The mean NIBUT measured by that method was
4.5+£0.9 s and 2.1£1.1 s in normal and dry eye subjects,
respectively®. Data on this method are limited to a
single study. Finally, Nosch ez a/** report median
NIBUT in 43 normal patients obtained by Tearscope
to be 34.55 s, whereas Sharanjeet-Kaur ¢ a/. found
NIBUT values using Tearscope to be significantly
shorter; the mean NIBUT in normal Malays and Chi-
nese was 7.74+3.34 s*. In a study published by Elliot
et al*®, the mean NIBUT values using both Tearscope
and Oculus Keratograph in normal subjects were
15.9+10.7 s and 10.9+3.9 s, respectively. Generally,
NIBUT values measured by subjective methods were
significantly higher than those obtained by objective
automated algorithms. Also, NIBUT values in dry eye
group were twice lower than those in normal subjects.

In our study, median NIBUT values using hand-
held lipid layer examination instrument were between
8 and 9 s in patients with dry eye symptoms and be-
tween 21 and 22 s in control group. Median TBUT
values were ~5 s in patients with dry eye symptoms
and 8-10 s in control group. NIBUT values were
longer in both groups, and the difference between
two tests was more pronounced in control group,
where normal tear film function was assumed, with
NIBUT being significantly longer. However, in dry
eye symptom group where most patients had poor tear
film stability, the values between the tests almost
equalized.

Tear film break-up time values in second and third
measurements and NIBUT values in all three mea-
surements were significantly shorter in patients with
dry eye symptoms than in control group, while NIBUT
indicated more significant difference between the two
groups, showing better diagnostic ability to discrimi-
nate patients with dry eye symptoms from normal pa-

Acta Clin Croat, Vol. 58, No. 1, 2019

tients. First TBUT measurement produced results
without significant difference between the groups,
questioning the accuracy of that measurement. The
reasons may be change in tear film physiology due to
fluorescein instillation and insufficient time for fluo-
rescein to spread uniformly in the tear film. Results
were improved in second and third measurements,
showing that multiple TBUT testing improved its re-
producibility. In contrast to TBUT, NIBUT detected
patients with symptoms of dry eye right away with
first measurement.

Noninvasive tear break-up time and TBUT values
showed positive correlation in all three measurements,
showing that both diagnostic tests measure the same
physical phenomenon, namely, the moment of tear
film destabilization over the corneal surface after blink.
Median NIBUT values in patients with symptoms of
dry eye were 3-4 seconds longer than TBUT values. In
normal subjects, there was larger dispersion of results
of both tests and values were poorly correlated. Also,
reproducibility of both tests was better in dry eye
symptom group. Therefore, both tests showed better
performance in the group of patients with dry eye
symptoms.

The cutoff value with greatest sensitivity, specificity,
PPV and NPV, distinguishing patients with dry eye
symptoms and normal subjects, was 12 seconds for
NIBUT and 8 seconds for TBUT. However, NIBUT
showed higher specificity and sensitivity, as well as
higher AUC and PPV than TBUT in all three mea-
surements. NIBUT measurements where strongly
connected with dry eye symptoms.

Although simple, the handheld instrument used in
this study showed that NIBUT values obtained by
using it were reproducible and consistent, and as such
show that this tool and the way it was used is clinically
acceptable and useful.

Considering the results of our study, this method
could replace Tearscope and finally allow simple, ac-
cessible and practical NIBUT assessment. However,
further investigations with more patients are recom-
mended to strengthen the value of our results.

Conclusion

In this study, we analyzed the feasibility of NIBUT
measured using handheld lipid layer examination in-
strument compared to standard TBUT test. The cutoff
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value with greatest sensitivity, specificity, PPV and
NPV, distinguishing patients with dry eye symptoms
and normal subjects, was 12 seconds for NIBUT and 8
seconds for TBUT. NIBUT measured in this way
showed better diagnostic ability to discriminate pa-
tients with dry eye symptoms from normal group of
patients even with first measurement, and was strongly
connected with dry eye symptoms. According to our
results, NIBUT measured with handheld lipid layer
examination instrument is a simple, accessible, practi-
cal, portable and noninvasive method that showed
better diagnostic performance than standard TBUT in
detecting patients with dry eye symptoms.
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Sazetak

NEINVAZIVNO MJERENJE PUCAN]JA SUZNOG FILMA RUCNIM INSTRUMENTOM
ZA PROCJENU DEBLJINE LIPIDNOG SLOJA SUZA

8. Vidas Pauk, 1. Petricek, 1. Jukic, S. Popovic-Suié, M. Tomic, M. Kalauz, S. Jandrokovic'i S. Masnec

Cilj ovoga istrazivanja bio je ispitati pouzdanost mjerenja neinvazivnog testa pucanja suznog filma (NIBUT) pomocu
ruénog instrumenta za procjenu debljine lipidnog sloja suza te ovu metodu usporediti sa standardnim invazivnim testom
(TBUT). U istrazivanje je bilo ukljueno 50 ispitanika, 31 sa simptomima suhog oka i 19 bez njih. Za procjenu simptoma
suhog oka rabio se standardni Scheinov upitnik. Za vrijeme pregleda provedena su tri mjerenja NIBUT-a pomoéu ru¢nog
instrumenta, potom tri mjerenja TBUT-a. Statistickom obradom podataka generirane su ROC krivulje, osjetljivost, specifi¢-
nost i regresijska analiza. Prosje¢na vrijednost NIBUT-a bila je znacajno kra¢a u skupini bolesnika sa simptomima suhog oka
nego u kontrolnoj skupini u sva tri mjerenja (9, 8, 8 s prema 21, 22, 21s; p<0.001). U prvom mjerenju se vrijednosti TBUT-a
nisu znacajno razlikovale medu skupinama (p=0.053), no bile su znacajno krace u skupini sa simptomima suhog oka u
drugom i tre¢em mjerenju (p=0.020). Grani¢ne vrijednosti testova NIBUT i TBUT bile su 12 i 8 sekunda, no NIBUT je
imao bolju osjetljivost, specifi¢nost, podrudje ispod krivulje (AUC) te pozitivnu prediktivnu vrijednost. Metoda procjene
NIBUT-a pomocu ru¢nog instrumenta za pregled debljine lipidnog sloja suza pokazala se boljom od testa TBUT u otkri-

vanju suhog oka.

Kljuéne rijedi: Roznica; Suze; Ankete i upitnici; Subi keratokonjunktivitis — dijagnostika
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