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INTRODUCTION

DRY EYE is a chronic disease in which an unstable tear film
inadequately supports the health of the ocular surface
epithelium. It affects 10% of the general population
between the ages of 30 to 60 years. However, prevalence
increases to 15% of people over 65 years.1 Formerly, it

was thought that a simple lack of tear production caused
dry eye. But, later on, it was claimed that any abnormality
in the ocular hydrodynamic system which includes tear
distribution, evaporation and drainage leads to this condi-
tion as well as aqueous tear deficiency.2

The patients with dry eye typically complain of sensa-
tions of burning, grittiness, foreign body sensation and
actual dryness. These symptoms are usually increased by
wind, air condition, prolonged staring (reading or com-
puter use) and other conditions that lead to a decrease in
the blink rate or an increase in evaporation rate. Tearing,
which is a paradoxical symptom, sometimes appears
in patients with dry eye syndrome owing to reflex tearing.
In patients with more severe dry eye, intermittent or
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continuous blurring of vision may arise due to damage in
the central corneal epithelium as well as changes in the
quality of tears.3

The diagnostic approach to patients with symptoms of
dry eye is to carefully examine each portion of the anatomy
that contributes to the tear film. Therefore, in this ap-
proach, the lids are evaluated for position, tone, blink rate,
completeness of closure, and presence or absence of
inflammation. Tear meniscus and conjunctiva are evalu-
ated using slit-lamp examination to determine any abnor-
malities. The stability of tear film is assessed by the tear
break-up time test (BUT). The corneal epithelial surface
is evaluated by ocular surface vital staining test using rose
bengal or fluorescein vital dye. Tear production is evalu-
ated by Schirmer-1 test. The effects of chronic tear dys-
function are evaluated in a fine hazy scarring of the
basement membrane and even the deeper Bowman’s
layer of the cornea. Tear osmolarity, corneal sensation,
and conjunctival tissue may also be assessed in these
patients.3,4

Additionally, the lacrimal gland ocular surface inte-
grated unit, which is composed of the tear secretion by the
lacrimal glands and ocular surface epithelia, fluid transu-
dation through the conjunctiva, tear evaporation, tear
drainage through the nasolacrimal system and corneal and
conjunctival permeability, is evaluated. Since this unit
regulates both tear production and the ocular hydrody-
namic system, which play an important role in the patho-
genesis of dry eye, this evaluation is essential not only to
diagnose dry eye syndrome but also to evaluate the ocular
surface and to assess the effectiveness of therapies in dry
eye patients in the follow-up period. In order to evaluate
the lacrimal gland ocular surface integrated unit globally,
tear clearance measurement is performed.4–10

Clinically, a common way to measure the tear clearance
is to judge the speed of disappearance from the ocular
surface of exogenously added fluorescein. By introducing
dye into the conjunctival sac and determining the rate at
which its color fades, clinicians can measure tear secre-
tion indirectly and tear drainage directly. To measure the
clearance of fluorescein instilled into the tears, two main
techniques are available. The first technique is a routine
test that uses Schirmer test strips to collect fluorescein-
stained tears and then to evaluate the strip visually.
Although, this technique is simple and inexpensive, sev-
eral problems, that can lead to inaccurate assessment of
tear fluorescein concentration, occur. The first problem is
that it is difficult to compare the color on the strip with
photographic standards of liquid fluorescein of different
concentrations. The second one is that the intensity of the
fluorescein color on the strip is affected by the length of
strip wetting. For example, a tear fluorescein concentra-
tion of 250 units appears different on a strip wet 4 mm than
on a strip wet 30 mm. Moreover, it does not provide a
quantitative measurement of the tear fluorescein concen-
tration. In the other technique, the tear fluorescein concen-

tration is measured using a fluorometer. However, it is not
practical for routine use.2,10–12 For these reasons, physi-
cians need an accurate, more-practical, and objective
methods to evaluate tear clearance.

Lacrimal scintigraphy is a noninvasive, more practical,
safe, objective, and physiological method of evaluating
patency of the lacrimal system. In addition to simple
image enhancement, quantitative assessment of the rate of
drainage and measurement of tear clearance can be ob-
tained from each palpebral aperture. Although, lacrimal
scintigraphy has been used to assess the tear dynamics in
various eye diseases for more than 30 years,13–15 as far as
we know there has not been any study focusing in the tear
clearance measurement using this technique in patients
with dry eye syndrome until now.

The aim of this study was to evaluate the tear clearance
in patients with dry eye syndrome using quantitative
lacrimal scintigraphy.

MATERIALS AND METHODS

In this study, we investigated 42 eyes of 21 patients who
had complained of dry eye symptoms and had been
diagnosed with aqueous tear deficiency at Baskent Uni-
versity, Medical Faculty Department of Ophthalmology.
Eighteen of the patients were females and 3 of the patients
were males with a mean age of 63.19 ± 13.33 years. The
mean duration of dry-eye symptoms was 3.4 ± 1.2 years
in these patients. Patients with other systemic or ocular
diseases that might change the ocular surface, or those
with eyelid abnormalities, mechanical problems, history
of previous drug use, contact lens use, punctal occlusion,
the use of eye-drops (other than nonpreserved artificial
tears), ocular surgery, or co-existence of severe blephari-
tis or meibomitis were excluded from the study.

In order to make a comparison, 12 normal subjects (24
eyes) of the same age group (10 women, 2 men; mean age,
68.25 ± 2.63 years) with no history of any eye disease,
ocular surgery, use of eye drops, or symptoms of ocular
irritation, and who had normal external eye examination
were included.

All patients with dry eye syndrome and normal cases
underwent lacrimal scintigraphy and ophthalmologic tests
including Schirmer-1, BUT, and ocular surface vital stain-
ing using rose bengal.

This research was conducted by medically qualified
personnel in strict accordance with the guidelines of the
Baskent University Medical Faculty Institutional Review
Board, regarding the Tenets of the Declaration of Helsinki.
All patients and normal subjects were informed about the
study protocol.

Lacrimal scintigraphy:   Lacrimal scintigraphy was
performed using a dual head gamma camera (e-Cam,
Siemens, Germany) with a low-energy all-purpose colli-
mator. All patients were seated in front of the collimator
and were instructed to continue blinking and breathing
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normally while 7.4 MBq of Tc-99m pertechnetate in
approximately 25 µl of isotonic saline was instilled with
a pipette simultaneously into both eyes at the lateral
canthi. Dynamic images of eyes were recorded every 30
seconds for 30 minutes using a 64 × 64 matrix. Images
were then evaluated quantitatively. For quantitative anal-
ysis, one region of interest was defined on each side
outlining the inner canthus of the palpebral aperture and
counts were obtained. Using commercial software, these
counts were corrected for decay of the radioisotope, and
then a time-activity curve was obtained (Figs. 1–4). Val-
ues for half time of tear clearance (T1/2), which is the time
to half of maximum activity from the palpebral aperture,
and retention index (RI), which is the percentage of
remaining activity on the ocular surface at the end of the
dynamic study were calculated using this curve. To calcu-

late these parameters, the radioactivity of the first frame
was assumed to be 100% of the instilled dose.

BUT test:  No topical anesthesia was administered. A
drop of 2% sodium fluorescein solution was instilled with
an eyedropper, and using the cobalt blue light of the slit-
lamp, the time between the last blink and the first appear-
ance of a dark spot was measured. This procedure was
repeated 3 times, and the average value was recorded. A
BUT value less than 10 seconds was considered abnor-
mal.

Schirmer-1 test:  One drop of 0.5% proparacaine hy-
drochloride was instilled in each eye for topical anesthe-
sia. In a dimly lit room, a standard Schirmer strip (Alcon
Laboratories, Fort Worth, Texas, USA) was placed in the
inferolateral one third of the lower eyelid. Care was taken
to prevent the paper from contacting the cornea. After 5

Fig. 1   Lacrimal scintigraphy in a normal subject.

Fig. 2   Time-activity curves in the same case in Figure 1.

Fig. 3   Lacrimal scintigraphy in a patient with dry eye syndrome.

Fig. 4   Time-activity curves in the same patient in Figure 3.
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minutes, the level of strip wetting (in millimeters) was
measured. A level greater than 5 mm was considered
normal.16

Rose bengal ocular surface vital staining test:   Rose
bengal strips (Barnes-Hind, Akorn, Inc., Abita Springs,
La., USA) were used by applying unpreserved saline to
the impregnated strip and touching the wet strip to the
inferior palpebral conjunctiva. As the dye may be irritat-
ing in the patient with dry eye, a drop of topical anesthetic
was instilled before applying the dye. After 15 seconds,
stained areas in the conjunctiva were examined by light
passed through a green filter. Results were evaluated
using a grading system developed by Van Bijsterveld.17

According to this system, each eye was scored separately.
Nasal bulbar conjunctival staining, temporal bulbar con-
junctival staining, and corneal staining were graded on a
four-tier scale: 0: no staining, 1: mild staining, 2: moder-
ate staining, 3: extensive staining.

Statistical tests:  One way analysis of variance
(ANOVA) and Student t tests were used for the compari-
son of the results in dry eye patients with the normal
subjects. Pearson test was used for correlations. All analy-
ses were performed using the statistical package SPSS
11.5 for Windows, and a value for p less than 0.05 was
considered statistically significant.

RESULTS

    Results of lacrimal scintigraphy:   In normal subjects,
the variety of T1/2 values  was  3–6 minutes and the mean
value of this parameter was 4.16 ± 1.22 minutes. Addi-
tionally, in this group, the RI values were observed as 12–
17% and the mean value of RI was 14.15% ± 2.30%.

On the other hand, in patients with dry eye syndrome,
the range of T1/2 values was 16–25 minutes and the mean
value of T1/2 was 20.59 ± 1.97 minutes. Furthermore, in
these patients, the RI values were 40–69% and the mean
value of RI was 55.64% ± 6.90% (Figs. 5–6).

In the statistical analysis, it was found that there was
a significant difference between patients with dry eye
syndrome and normal subjects with regard to values for
T1/2 and RI (p < 0.0001). It was also found a positive
correlation between the T1/2 values and the RI values in
all dry eye patients and normal subjects (p < 0.01, r = 1).

Results of ophthalmologic tests:   In normal subjects,
the mean value of Schirmer-1 was 12.46 ± 2.10 mm. In
these subjects, the mean value of BUT was 14.36 ± 3.40
seconds, the mean staining value of the rose bengal was
1.98 ± 0.80.

However, in patients with dry eye syndrome, the mean
value of Schirmer-1 was 1.36 ± 0.49 mm, the mean value
of BUT was 5.46 ± 1.33 seconds, and the mean value of
the rose bengal staining was 6.62 ± 0.86.

There was a statistically significant difference between
patients with dry eye syndrome and normal subjects with
regard to the results of Schirmer-1, BUT, and rose bengal

tests (p < 0.0001).
When we compared the results of lacrimal scintigraphy

with the results of ophthalmological tests in dry eye
patients and normal subjects, we found an inverse corre-
lation between both the T1/2 and RI values and both the
Schirmer-1 and BUT values in dry eye patients and
normal subjects (p < 0.001, r = −1) whereas there was a
greater positive correlation between the rose bengal ocu-
lar surface staining value and both the T1/2 and RI values
in all cases (p < 0.001, r = 1).

Fig. 5   The scatter of T1/2 values in dry eye patients and normal
subjects.

Fig. 6   The scatter of  the values of RI in dry eye patients and
normal subjects.
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DISCUSSION

Dry eye is a complicated ocular surface disorder. Previ-
ously, clinicians performed only traditional diagnostic
tests such as BUT, the Schirmer-1, and ocular surface dye
staining, to evaluate dry eye patients. Later on, they
realized that an algorithm using many diagnostic tests was
better for identifying a patient’s eye condition than a
single test alone. Many recent diagnostic tests have im-
proved sensitivity and specificity over these conventional
tests.4,5

One of these recent techniques is tear clearance meas-
urement. Though this is a new method, it is performed
routinely to evaluate dry eye patients in many centers,
because it is a unique way to assess the integrity of the
integrated lacrimal unit, globally and dynamically.18,19

Clinically, tear clearance is measured by the decay of
the tear fluorescein concentration over time. It can be
performed in vivo or in collected tears. Assessment of the
tear fluorescein concentration is made with Schirmer’s
strips or a fluorometer. However, these two evaluation
techniques have some disadvantages as mentioned
above.11,12 Because of these inconveniences, accurate,
more practical, objective, and quantitative methods are
needed to evaluate tear clearance.

Lacrimal scintigraphy which was first described in
1972 is a noninvasive, easy, quantitative, and physiologic
method to assess the lacrimal system. Although, fine
anatomic detail is not available as it is in contrast dacryo-
cystography, physiological assessment is more accurate
in scintigraphy because no instrumentation is necessary.
Moreover, this method provides better contralateral com-
parison. Despite the fact that lacrimal scintigraphy has
been used to evaluate the tear dynamics in different eye
diseases for a long time,13–15,20 there has not been much
scintigraphic research about dry eye patients.

One of the scintigraphic studies was performed by
Greaves et al.21 They compared the precorneal residence
of an artificial tear preparation in patients with dry eye and
normal subjects using lacrimal scintigraphy. In their study,
the artificial tear solution was radiolabeled with Tc-99m
diethylenetriaminepentaacetic acid (DTPA). They found
that precorneal clearance of the artificial tear solution was
found to follow bi-exponential kinetics in all subjects with
no significant differences in clearance kinetics between
the two study populations. In a few other scintigraphic
studies, investigators have performed similar research
using various drugs which have been used to treat dry
eye.22–24

Different from the studies above-mentioned, we used
quantitative lacrimal scintigraphy to measure the tear
clearance in patients with dry eye syndrome. In order to
evaluate the tear clearance, we used T1/2 and RI param-
eters. We found that in all of the patients with dry eye, tear
clearance from the palpebral aperture was significantly
delayed when compared with normal subjects (p < 0.0001).

In  dry eye patients, the mean T1/2 value was 20.47 ± 2.21
minutes and the mean value of RI was 56.16% ± 9.20%.
However, these values in normal subjects were 4.16 ±
1.22 minutes and 14.15% ± 2.30%, respectively.

We were not able to compare our results with those of
other scintigraphic studies, since to our knowledge, this
study is the first, related to this topic. Therefore, we
compared our results with the results of clinical studies in
which fluorescein dye disappearance technique was used
for calculating tear clearance. Macri et al. measured
fluorescein tear clearance in patients with dry eye syn-
drome and in healthy controls using a fluorometer.12 In
their study, the mean tear fluorescein clearance was 90.70
± 63.30 optical density (OD) in healthy subjects. Con-
versely, this value was 3707 ± 4824 OD in patients with
aqueous tear deficiency. They concluded that tear clear-
ance delayed more in dry eye patients compared with
healthy subjects (p < 0.0001). Sorbara et al. compared the
tear clearance rate in dry eye patients and normal subjects
using fluorescein dye disappearance technique.25 They
found that there was a statistically significant difference
in the tear clearance rates between dry eye patients and
normal subjects (p < 0.0001). This rate was 4.89 ± 2.74%/
min in patients with dry eye syndrome whereas 11.85 ±
3.31%/min in normal cases. Other clinical studies have
also shown similar results which correlated with our
findings.2,11

In our study, we also compared the results of lacrimal
scintigraphy with those of ophthalmological tests. An
inverse correlation was observed between both the T1/2
and RI values and the Schirmer-1 value in dry eye patients
and normal subjects (p < 0.001, r = −1). Like our results,
in the other study which was carried out by Alfonso et al.,
they concluded that significantly higher tear fluorescein
clearance and lower Schirmer-1 test values were found in
dry eye patients than in normal subjects.11 When our study
and other clinical studies5,11 were taken into consider-
ation, it was concluded that the reason for delayed tear
clearance in dry eye syndrome might be reduced tear
volume.

When we compared the rose bengal staining value and
both the T1/2 and RI values, we found that there was a
positive correlation between the results of these param-
eters in all dry eye patients and normal subjects (p < 0.001,
r = 1). This correlation was inverse between the BUT
and both the T1/2 and RI values in all cases (p < 0.001,
r = −1). We observed that in dry eye patients, high rose
bengal staining value, low BUT value, and delayed tear
clearance, all of which indicate the severity of ocular
surface disease, coexisted.

Like our results, many clinical studies demonstrated
that delayed tear clearance shows a positive correlation
with the severity of corneal epithelial disease.2,11,12 Macri
et al. assessed the correlation between tear fluorescein
clearance with irritation symptoms, ocular surface vital
staining with fluorescein, corneal and conjunctival
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sensitivity in normal cases and dry eye patients.12 It was
found that there was a positive correlation between the
clearance and irritation symptoms, fluorescein staining
values, corneal, conjunctival sensitivity scores in all pa-
tients (p < 0.0001). Tsubota et al. investigated the corre-
lation between tear function tests and ocular surface
integrity in dry eye patients.26 They also observed a
similar correlation between the results of tear clearance,
BUT, ocular surface vital staining with rose bengal and
fluorescein as we found (p < 0.005).

The exact mechanism by which reduced tear clearance
from the ocular surface leads to corneal epithelial disease
has not been established in dry eye patients; however,
reduced tear clearance appears to promote ocular surface
inflammation. As a result, accumulation of pro-inflam-
matory cytokines, proteolytic enzymes, and cytotoxic
factors in the tear fluid develops. Two such factors whose
concentrations have been found to increase as tear clear-
ance decreases are the interleukin-1 and the matrix
metalloproteinase MMP-9. Increased or uncontrolled
activity of these factors is capable of initiating an inflam-
matory cascade on the ocular surface.19,20 According
to these studies mentioned above, it is considered that
reduced tear clearance can be an indirect measure of
inflammation on the ocular surface. This inflammation
may escalate as retained inflammatory factors in the tear
fluid recruit inflammatory cells onto the ocular surface
and stimulate the production of additional inflammatory
mediators by the ocular surface epithelia and infiltrating
inflammatory cells.22–24,26.27 This may change the treat-
ment approach in these patients.

As a result, in this study, we demonstrated that tear
clearance significantly decreased in patients with dry eye
syndrome although the lacrimal drainage system was
entirely normal. From the findings of this study, it can be
concluded that quantitative lacrimal scintigraphy—an
objective, practical, and noninvasive method—appears to
be useful in the evaluation of tear clearance in patients
with dry eye syndrome.
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