FIGURE 1. Measurement of noninvasive tear meniscus height (NI-TMH) using Tearscope Plus. (Top left) Tearscope interference
device is set between the subject’s eye and the slit-lamp. Precorneal tear interference image and tear meniscus interference i image
could be observed through the slit-lamp, and was recorded to the computer through the mounted digital video camera. Tear
interference image with meniscus could also be seen on the computer screen. (Top right) Slit-lamp image of tear meniscus with
diffuser light is shown. Tear meniscus of the same subject in Top left image is noninvasively visualized (Bottom left) and is also
visualized with fluorescein staining (Bottom right). (Bottom left) Using image analysis software, the height of noninvasively
visualized tear meniscus (between upper and lower white arrow) in central area {vertical white line) was measured. NI-TMH was
quantified as 0.21 mm. Note that surface lipid layer of both tear meniscus and precorneal tear film is visualized by the tear
interference device. (Bottom right) Using image analysis software, the height of fluorescein stained tear meniscus (between upper
and lower white arrow) in central area (vertical white line) was measured in the same. 1mage capturmg system. Fluorescein-stained
tear meniscus height was quantified as 0.24 mm. .

METHODS

® MEASUREMENT OF NONINVASIVE TEAR MENISCUS
HEIGHT USING TEAR INTERFERENCE DEVICE: Tear-
scope Plus tear interferenceé ‘device was attached to the _
slit-lamp (SL130, Zeiss, Jena, Germany, magnification- %
fixed to 12 X, Figure 1). The tear interference image of the

lower tear meniscus could be observed noninvasively when

focusing at the lower lid margin. The image. was captured -
using a high quality digital-video camera (SP-321, JFC

*. 12 yeats) were
easured with the Tear-

1 tlllatlon of 2 p,l of fluores-
: , te. The i images of NI-TMH
- and £ TMH were'recorded and meastred. using exactly the

same set-up as-described above. The mean NI-TMH was
- 0.20 % 0.09 mm, and f-TMH was 0.26 + 0.11 mm: Images

Sales Plan Co, Tokyo, Japan) attached through the beam-

splitter of the slit-lamp and 'recorded using an image
capturing system (P4m/MaxFile, P4 Medic Co, Kobe,
Japan) in 720 X 480 pixels sized ]PEG format. NI-TMH

was measured using the Image] 132 image ana1y51s soft-
ware (National Institutes of Health, Bethesda, Maryland

USA). None of the sub]ects received any eye drop instil-_ |.

lations at least six hours before the measurement.

As NI-TMH measurement with Tearscope Plus device
has not been reported, it was compared concomitantly
with conventional - TMH :in:31: eyes of 16 subjects. Nine
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~ of the representative cases of NI-TMH and £-TMH are
" shown in Figure 1. The correlation’ between NI-TMH and
f-TMH was also calciilated ‘with linear r regression analysis.

A significant correlation was found between NI- TMH and
: f—TMH (r= 79 P< 000' )

.. SUB]ECTS AND ASSESSI\IfENT OF TEARS AND OCULAR_
SURFACE: We examined a consecutive series of 27 dry eye
patients with SS (46 eyes, all female, mean age, 62 * 10
years), as well as 17 normal sub]ects (28 eyes, all female,
mean: age; 52 + 16 years) SS patlents were dlagnosed.
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FIGURE 2. Noninvasive tear meniscus height (NI-TMH) between normal subjects and dry eye with Sjogren syndrome (SS). (Left)
NI-TMH of a representative normal subject (0.28 mm). (Right) NI-TMH of a representative dry eye subject with SS (0.094 mm).

FIGURE 3. Noninvasive tear meniscus height (NI-TMH) before and after punctal occlusion.
dry eye patient with Sjégren syndrome (SS) before punctal occlusion (0.17 mm).

same patient (0.56 mm).

n. (Left) NI-TMH of a representative
(Right) NI-TMH after punctual occlusion of the

according to the criteria of Fox and associates.?’” Among
the SS patients, eyes with a Schirmer I test value less than
or equal to 5 mm were included in the study as they were
considered to have ATD dry eye according to the Japanese
dry eye criteria.28 Eyes with a history of punctal occlusion,
conjunctivochalasis, corneal transplantation, or corneal
perforation were excluded from the study. In addition, eyes
with anterior blepharitis and infectious conjunctivitis were
also excluded. No patients used contact lenses in this

study. o » : o

NI-TMH was assessed ‘as describedabove before any -
invasive procedure. After that, the cornea was éxamined .-
by fluorescein staining. A 2-jul volume of preservative-free
solution consisting of 1% fluorescein dye was applied to the |

conjunctival sac. The intensity of the actual fluorescein
staining of the cornea such as. superficial punctate kera-
topathy was rated from a minimum of zero to a maximum:
of three, in each upper, middle, and lower cornea. Thus,
the maximum total staining score was 9.2 Tear film
break-up time (BUT) was measured three times, and the
measurements were averaged.?® 2 ul of preservative-free
solution consisting of 1% Rose Bengal dye was then
applied to the conjunctival sac. The intensity of rose
bengal staining in the comea and conjunctiva was re-
corded, with the maximum score rated as nine points.3°
The Schirmer I test was then performed to measure the
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tear secretion volume.>! NI-TMH was compared between
dry eye subjects and normal controls.

® CHANGE OF TEAR MENISCUS HEIGHT AFTER PUNC.-
TAL OCCLUSION: All dry eye patients received treatment

~with non-preserved - artificial - tears, and:0.1% non-pre-

served 'hyalmjdni’é'jac;'id;fqy drops’as-neéeéssary for at least
two ‘months. These-subjects-who' were refractory to this

" treatment protocol underwent punctal | occlusion. NI-
-TMH was compared before and three weeks after punctal
. occlusion or punctal plug insertion-for both superior and
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-inferior puncta in 11 eyes of "eight'squéct_si‘in an additional
interventional case series (eight females, mean age, 69 *+ 8

years). Flex plugs - (Eagle Vision, Memphis, Tennessee,
USA) weré used for punctal occlusion in three eyes of
three subjects, and: punctal cauterization using Optemp 2
(Alcon, Fort Worth, Texas; USA) was performed in eight
eyes of five subjects. Tseng’s method was performed in
punctal occlusion surgery3? and the operation was success-
ful in all cases without re-canalization.

® STATISTICAL ANALYSIS: All data are shown as means +
standard deviation. The Mann-Whitney U test was ap-

plied to the comparison: of NI-TMH, fluorescein staining,

rose bengal staining, tear film BUT, and Schirmer ] test
between SS and normal subjects. Wilcoxon matched pairs
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test was applied to the comparison before and after punctal
occlusion at each examination. A level of P < .05 was
accepted as statistically significant. Graphpad Instat 3.0
(Graphpad Software Inc, San Diego, California, USA) was
used for statistical analysis.

RESULTS

THE MEAN NI-TMH IN NORMAL SUBJECTS WAS 0.22 + 0.065
mm. On the contrary, it was significantly lower (0.13 *+
0.042 mm, P < .0001) in dry eye patients with SS. The
representative cases are shown in Figure 2. Corneal fluo-
rescein staining mean score was significantly lower (0.46 +
0.64) in normal subjects compared to dry eye patients with
SS (4.0 £ 2.1, P < .0001). Rose Bengal staining mean
score was significantly lower in normal subjects (0.18 *
0.48) compared to dry eye patients with SS (4.6 + 1.8, P <
.0001). Similarly, tear film BUT was 5.9 * 3.0 seconds in
normal subjects, and it was significantly longer than in dry
eye patients with SS (2.3 * 1.4 seconds, P < .0001).
Schirmer I test result was 13.9 * 9.4 mm in normal
subjects, and it was significantly longer than in dry eye
patients with SS (1.7 = 1.5 mm, P < .0001).

Images of NI-TMH before and after punctal occlusion in
the representative case are shown in Figure 3. The mean
NI-TMH significantly increased from 0.12 * 0.026 mm to
042 + 0.21 mm after the punctal occlusion procedure
(P = .001). NI-TMH was increased after both punctal
cauterization or punctal plug insertion procedures. In
addition, corneal fluorescein staining mean score signifi-
cantly decreased from 4.5 + 2.3 t0 0.27 + 0.65 (P = .002),
tear film BUT was prolonged from 0.91 + 0.30 seconds to
5.2 * 2.8 seconds (P = .001) and the Schirmer I test result

.increased from 2.8 * 2.0 mm to 6.8 * 4.2 mm (P = .005).
On the contrary, Rose Bengal staining mean score de-
creased, but not significantly, from 5.0 * 1.7 t0 2.5 % 2.0
(P = .06).

DISCUSSION

IN THE PRESENT STUDY, USING THE TEAR INTERFERENCE
device, tear meniscus was successfully visualized in a
noninvasive manner in all cases. We showed that
NI-TMH measurement could be as relevant as the con-
ventional f-TMH measuring method in the diagnosis of dry
eye syndromes, could differentiate between normal sub-
jects and ATD dry eye patients with SS, and could help in
the evaluation of the change of meniscus height after
punctal occlusion.

NI-TMH was significantly lower in dry eye patients with .

SS (0.13 * 0.042 mm) compared with normal controls,
(0.22 * 0.065 mm) along with higher fluorescein and rose
bengal staining, shortened tear film BUT, and lower
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Schirmer | test result. After punctal occlusion, NI-TMH
significantly increased from 0.12 * 0.026 mm to 0.42 +
0.21 mm along with the improvement of comeal fluores-
cein staining, tear film BUT, and Schirmer I test result.
NI-TMH was increased after both punctal cauterization or
punctal plug insertion procedures. We believe that
NI-TMH accurately reflects the deficiency of tear volume
on the ocular surface in ATD dry eye patients with SS.

The values of NI-TMH in this study are low compared
with the previous studies on TMH.9.11-1533 The previous
data related to TMH mainly measured with fluorescein
dye. In this study, a significant correlation was found
between NI-TMH and f-TMH, and NI-TMH was slightly
lower than f-TMH. This was possibly because of the
addition of a minimal amount of water added to the
fluorescein dye. The other merit of the present method is
visualization ability even when the TMH is very low. In a
previous study, using direct observation of the TMH with
the slit-lamp, Oguz and associates reported that tear
meniscus could not be observed when it was too low in dry
eye subjects.!® Our method using interference phenomena
could visualize clearly such low tear meniscus even in ATD
dry eyes with SS (Figures 2 and 3). Furthermore, in the
principle of tear interferometry, reflectance is ranged ap-
proximately from 2% to 6%.17.1834 Thus, tear interference
image of tear meniscus could be visualized even in dry eye
cases with lipid tear deficiency. Using optical coherence
tomography in ATD dry eyes, Savini and associates
recently reported that mean NI-TMH was significantly
lower in patients with ATD dry eyes (0.13 *+ 0.07 mm)
than in the control group (0.25 * 0.08 mm).?s We
considered that their results strongly support the relevance
of our method.

Compared with fluorescein-stained tear meniscus obser-
vation, noninvasive tear meniscus observation using the
interference device has one demerit in terms of the
limitation in the observation area. As shown in the figures,
this method could visualize frontal tear meniscus at a
limited observation angle. To observe all lower and upper
tear meniscus areas from the inner to outer canthi, we
considered that the fluorescein staining method still has
some advantages.

Recently, another tear meniscus measuring device to
measure meniscus radius curvature has been reported by
Yokoi and associates.?6-37 This noninvasive method, how-
ever, is not widely available yet, and we chose the
Tearscope interference device for the evaluation of tear
meniscus in this study. Furthermore, height and radius of
tear meniscus have been reported to have a positive
correlation by Yokoi's group.1° Thus, we also believe that
the measurement of the NI-TMH is important, as well as
tear meniscus radius measurement.38

In this study, we compared NI-TMH of normal and dry
eye patients with SS who are representing ATD dry eyes.
In the future, NI-TMH measurement of the other dry eye
subtypes such as non-SS dry eye, meibomian gland dys-
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function,?® or dry eye with only decreased tear film BUT40
would be highly anticipated. Furthermore, observation of
the upper NI-TMH using Tearscope in superior limbic
keratoconjunctivitis,*! or lid-wiper syndrome*2 would be
also interesting.

As many clinicians are aware, the diagnosis of ATD dry
eyes is sometimes difficult owing to the variability of the
Schirmer [ test results by its invasive nature. In the future,
we expect that NI-TMH measurement by the tear inter-
ference device would become an established tear volume
evaluation test such as the Schirmer 1 test.3!

In conclusion, NI-TMH measurement using the tear
interference device could be considered to have similar
clinical relevance compared with conventional f-TMH
measurement. Not only did this method evaluate tear
aqueous volume noninvasively, but it could also indicate
significantly lower NI-TMH in ATD dry eye patients with
SS and, was useful for indicating the increase of NI-TMH
after the punctal occlusion procedure. The difference of
NI-TMH in normal and dry eye groups was considered to
reflect the difference of tear volume, which is responsible
for moistening and maintaining the ocular surface.

THIS STUDY WAS SUPPORTED BY GRANT NO. 18070501 FROM THE JAPANESE MINISTRY OF HEALTH, LABOUR, AND WELFARE,
Tokyo, Japan. The authors indicate no financial conflict of interest. Involved in design of study (A.U., M.U., E.G.); conduct of study (E.G.,K.F., M.D,,
Y.O., K.T.); collection and analysis of the data (A.U., M.U,, EG., EH., Y.X.); and approval of the manuscript (EG., M.D., Y.O., K.T.). Drs Uchida,
Uchino, and Goto contributed equally to this study and therefore should be considered equivalent first authors. This research followed the Tenets of
the Declaration of Helsinki and informed consent was obtained from all the subjects after explanation of the nature and possible consequences of the
study. Institutional Review Board (IRB) committee approval was obrained at Tsurumi Univessity. This clinical trial was registered to Japan

Pharmaceutical Information Center, Tokyo, Japan, JapacCT1-060313.

The authors would like to thank Y. Yamamoto, MD, Y. Tatematsu, MD, E. Sugisaka, MD, R. Nishimura, MD, K. Hashizume, MD, and T. Yamaguchi,
MD, from the Department of Ophthalmology, School of Medicine, Keio University, Tokyo, Japan for assisting with data acquisition.

REFERENCES

1. Lemp MA. Report of the National Eye Institute/Industry
workshop on Clinical Trials in Dry Eyes. CLAO ] 1995;21:
221-232.

2. Lemp MA. Epidemiology and classification of dry eye. Adv
Exp Med Biol 1998;438:791-803.

3. Pflugfelder SC, Tseng SCG, Sanabria O, et al. Evaluation of
subjective assessments and objective diagnostic tests for
diagnosing tear-film disorders known to cause ocular irrita-
tion. Cornea 1998;17:38-56.

4. Rieger G. The importance of the precomeal tear-film for the
quality of optical imaging. Br J Ophthalmol 1992;76:157—
158.

5. Goto E, Yagi Y, Matsumoto Y, Tsubota K. Impaired func-
tional visual acuity of dry eye patients. Am ] Ophthalmotl
2002;133:181-186.

6. Goto E, Yagi Y, Kaido M, Matsumoto Y, Konomi K, Tsubota
K. Improved functional visual acuity after punctal occlusion
in dry eye patients. Am J Ophthalmol 2003;135:704-705.

7. Mishima S, Gasset A, Klyce SD, Jr, Baum JL. Determination
of tear volume and tear flow. Invest Ophthalmol 1966;5;
264-276. '

8. Dogru M, Ishida K, Matsumoto Y, et al. Strip meniscometry:
a new and simple method of tear meniscus evaluation. Invest
Ophthalmol Vis Sci 2006;47:1895-1901.

9. Mainstone JC, Bruce AS, Golding TR. Tear meniscus
measurement in the diagnosis of dry eye. Curr Eye Res
1996;15:653-661.

10. Oguz H, Yokoi N, Kinoshita S. The height and radius of the
tear meniscus and methods for examining these parameters.
Cornea 2000;19:497-500.

11. Scherz W, Doane MG, Dohlman CH. Tear volume in
normal eyes and keratoconjunctivitis sicca. Albrecht von
Graefes Arch Klin Exp Ophthalmol 1974;192:141-150.

12. McDonald JE, Brubaker S. Meniscus-induced thinning of
tear-ilms. Am J Ophthalmol 1971;72:139-146.

236

AMERICAN JOURNAL OF OPHTHALMOLOGY

13. Golding TR, Bruce AS, Mainstone JC. Relationship between
tear-meniscus parameters and tear-film breakup. Cornea
1997;16:649-661.

14. Holly FJ. Physical chemistry of the normal and disordered
tear-film. Trans Ophthalmol Soc U K 1985;104:374-380.

15. Holly FJ. Tear physiology and dry eyes. Surv Ophthalmol
1977;22:69-87.

16. Guenther R. Interference. Modern Optics. New York, New
York: Wiley, 1990:87-128.

17. Goto E, Dogru M, Kojima T, Tsubota K. Computer synthesis
of an interference color chart of human tear lipid layer, by a
colorimetric approach. Invest Ophthalmol Vis Sci 2003;44:
4693-4697.

18. King-Smith PE, Fink BA, Fogt N. Three interferometric
methods for measuring the thickness of layers of the tear-
film. Optom Vis Sci 1999;76:19-32.

19. Goro E, Dogru M, Fukagawa K, et al. Successful tear lipid
layer treatment for refractory dry eye in office workers by
low-dose lipid application on the full-length eyelid margin.
Am ] Ophthalmol 2006;142:264-270.

20. Norn MS. Semiquantitative interference study of fatty layer
of precomneal film. Acta Ophthalmol (Copenh) 1979;57:
766-774.

21. Yokoi N, Takehisa Y, Kinoshita S. Correlation of tear lipid
layer interference patterns with the diagnosis and severity of
dry eye. Am ] Ophthalmol 1996;122:818-824.

22. Isenberg SJ, Del Signore M, Chen A, Wei J, Guillon JP. The
lipid layer and stability of the preocular tear-film in newborns
and infants. Ophthalmology 2003;110:1408—1411.

23. Nichols JJ, Nichols KK, Puent B, Saracino M, Mitchell GL.
Evaluation of tear-film interference patterns and measures of
tear break-up time. Optom Vis Sci 2002;79:363-369.

24. Tomlinson A, Pearce El, Simmons PA, Blades K. Effect of
oral contraceptives on tear physiology. Ophthalmic Physiol
Opt 2001;21:9~-16.

25. Guillon M, Styles E, Guillon JP, Maissa C. Preocular
tear-film characteristics of nonwearers and soft contact lens
wearers. Optom Vis Sci 1997;74:273-279.

AUGUST 2007



26.

217.

28.

29.
30.

31

32.

33.

34.

VOL. 144, NO. 2

Craig JP, Tomlinson A. Importance of the lipid layer in
human tear-film stability and evaporation. Optom Vis Sci
1997;74:8-13.

Fox RI, Robinson CA, Curd ]G, Kozin F, Howell FV.
Sjogren’s syndrome. Proposed criteria for classification. Ar-
thritis Rheum 1986;29:577-585.

Danjo Y. Diagnostic usefulness and cutoff value of Schirmer’s
[ test in the Japanese diagnostic criteria of dry eye. Graefes
Arch Clin Exp Ophthalmol 1997;235:761-766.

Toda 1, Tsubota K. Practical double vital staining for ocular
surface evaluation. Comnea 1993;12:366-367.

van Bijsterveld OP. Diagnostic tests in the Sicca syndrome.
Arch Ophthalmol 1969;82:10-14.

Schirmer O. Studien zur physiologie und pathologie der
tranenabsonderung und tranenabfuhr. Albrebt von Graefes
Archiv fur Ophthalmologie 1903;56:197-291.

Goto E, Tseng SC. Kinetic analysis of tear interference
images in aqueous tear deficiency dry eye before and after
punctal occlusion. Invest Ophthalmol Vis Sci 2003;44:1897—
1905.

Johnson ME, Murphy PJ. The agreement and repeatability of
tear meniscus height measurement methods. Optom Vis Sci
2005;82:1030-1037.

Goto E, Tseng SC. Differentiation of lipid tear deficiency dry
eye by kinetic analysis of tear interference images. Arch

Ophthalmol 2003;121:173-180.

35.

36.

37.

38.

39.

40.

41.

42.

INTERFERENCE TEAR MENISCOMETRY IN DRY EYE

Savini G, Barboni P, Zanini M. Tear meniscus evaluation by
optical coherence tomography. Ophthalmic Surg Lasers Im-
aging 2006;37:112-118.

Yokoi N, Bron A, Tiffany J, Brown N, Hsuan J, Fowler C.
Reflective meniscometry: a non-invasive method to measure
tear meniscus curvature. Br ] Ophthalmol 1999;83:92-97.
Yokoi N, Bron A], Tiffany JM, Maruyama K, Komuro A,
Kinoshita S. Relationship between tear volume and tear
meniscus curvature. Arch Ophthalmol 2004;122:1265-1269.
Creech JL, Do LT, Fatt I, Radke CJ. In vivo tear-film
thickness determination and implications for tear-film stabil-
ity. Curr Eye Res 1998;17:1058-1066.

Goto E, Shimazaki ], Monden Y, et al. Low-concentration
homogenized castor oil eye drops for noninflamed obstructive
meibomian gland dysfunction. Ophthalmology 2002;109:
2030-2035.

Toda I, Shimazaki J, Tsubota K. Dry eye with only decreased
tear break-up time is sometimes associated with allergic
conjunctivitis. Ophthalmology 1995;102:302—309.

Goto E, Shimmura S, Shimazaki }, Tsubota K. Treatment of
superior limbic keratoconjunctivitis by application of autol-
ogous serum. Cornea 2001;20:807-810.

Korb DR, Greiner JV, Herman JP, et al. Lid-wiper epitheli-
opathy and dry-eye symptoms in contact lens wearers. CLAO
12002;28:211-216.

237



Biosketch

Atsuro Uchida, MD, graduated from Keio University School of Medicine, Tokyo, Japan, in 2001, and served as an
ophthalmologist at Keio University Hospital and Keiyu Hospital, Yokchama, Japan from 2001 to 2007. Dr Uchida is
affiliated with Japanese Ophthalmological Society and the Association for Research in Vision and Ophthalmology. Dr
Uchida’s primary research interests are dry eye and tear meniscus. L

237.el _ e . AMERICAN JOURNAL: OF OPHTHALMOLOGY - -.. = AUGUST 2007




