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Evaluation of Dry Eye Symptomatology at Patients with Keratoconus
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The aim of this study was firstly to determine and quantify the dry eye symptomatology of patients with
keratoconus, in comparison with those without this condition and secondly to evaluate the suitability of the
spin probe method of electron paramagnetic resonance spectroscopy in analysis of tears secretion. As such
were considered two groups of patients for evaluation:  36 cases with keratoconus (keratoconus group)
and 36 cases without ocular disease (control group). Besides general ophthalmological examination we
have conducted Schirmer test I, tears break-up time (BUT) and quantify the answers about dry eye
symptomatology to establish ocular surface disease index (OSDI). We have included a prospective correlation
of ophthalmologic parameters with parameters of the spin probes added in tear secretions collected from
both groups of patients. The results show that the value of OSDI for patients with keratoconus was higher
(41.07 ± 23.68) than the corresponding value of the control group (14.63 ± 9.27). Also, the patients with
keratoconus present lower mean values for BUT and Schirmer tests comparatively with the cases from
control group. The electron paramagnetic resonances spectra of the spin probe CAT16 in tear secretions
obtained from patients revealed changes that can be related with ophthalmologic parameters.
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: Keratoconus is corneal ectasia characterized by lesions
at every corneal layer with a diagnosis relatively easy to
establish using specific examination (keratometry, corneal
topography, pachymetry), but the elements related to its
occurrence and progression are still unclear [1]. The latest
studies underline the role of inflammatory factors and tear
film proteins concentrations changes in the disease
progression [1, 2]. These inflammatory elements also
occur in the physiopathology of the dry eye syndrome (DES)
which is met frequently at keratoconus patients. Some
studies reveal that dry eye syndrome is a determining factor
for keratoconus progression. The dry eye syndrome is
presented in 81.5% of keratoconus patients and among
them 70% have higher tear film instability. According to
International Dry Eye Workshop 2007, DES is defined as a
multifactorial tear film and ocular surface disease that have
as a result the appearing of discomfort, visual acuity
degradation and tear film instability with potential injuries
of ocular surface. Some studies estimate that as much as
30% of world populations are affected [1, 2].  Among the
patients with keratoconus and dry eye some common
symptoms are present, such as burn and foreign body
sensation, itching, red eye, photophobia, blurred vision,
which are amplified by wind, hotter, lower humidity,
irritating factors (smoking), activities that requires attention
(reading, working at computer, driving).

This syndrome is associated with quantitative or
qualitative deficiency of the tear film. The inflammatory
process affecting the tear film homeostasis is the base for
the physiopathology of this disease [3]. The composition
and the tear film stability changes determine ocular surface
inflammation, hyper osmolarity of tear film that determines
destruction of intercellular junction and increasing the
epithelial cell apoptosis [4]. Recent studies report changes
of the protein profile in the tear film for patients with
keratoconus. Lysozyme, lactoferrin and albumin are the
main proteins that present changes in keratoconus and in
dry eye syndrome. The concentration of these proteins in

the tear film depends on the age and the eye health. Clinical
studies often report that DES and keratoconus significantly
alters tear physiology [5,6]. For instance, elevation of the
albumin level is frequently met in DES and indicates
vascular extravasations. In the same time, the tear film of
the patients with dry eye has a lower content of lactoferrin
and lysozyme. The levels of oxidative stress markers such
as superoxide dismutase (SOD) glutathione peroxidase
(GPX) present in tears  may present alterations in DES and
keratoconus [7].

Usually the proteins changes in the tear film composition
can be evidenced and monitored by biochemical analysis.
The electron paramagnetic resonance (EPR) spectroscopy
represents a versatile method to evidence formation of
reactive radical species and to prove changes in complex
systems by analyzing the behavior of stable free radical.
We previously evidenced the formation of reactive radical
species in simplified systems for photo oxidative
crosslinking at patients with keratoconus [68]. In this paper
we analyzed the spectral parameters changes induced in
the EPR spectra of a cationic spin probe (N-oxy1-2,2,6,6-
tetra-methyl-4-dimethyl-amino-piperidine-cethyl bromid –
Figure 1)) in tear secretions.  The molecular probes are
stable free radicals whose EPR spectral parameters depend
on their interaction with other substances (especially
protein) and by the hydrophobic/hydrophilic properties of
medium [9-11]. Correlation of the EPR parameters changes
with ophthalmic parameters may recommend electronic
resonance paramagnetic (EPR) spectroscopy as a method
for qualitative evaluation in DES.

Fig. 1. The structure of
CAT16
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Experimental part
A number of 72 patients recruited from Oftaclinic Grup

were divided in two groups: the control group consisting of
36 patients without keratoconus and the keratoconus group
consisting of 36 patients with keratoconus in different
stadia. Each patient underwent a complete ophthal-
mological examination. The keratoconus stadium was
established based on Krumeich - Amsler classification [12].
To establish the DES diagnosis, the values of the ocular
surface disease index (OSDI), Schirmer test I, tear break-
up time (BUT) were determined for all patients. OSDI was
established based on the answers at the questions about
dry eye symptomatology (light sensibility, gritty, sore eyes,
blurred vision, poor vision), factors that amplify this (reading,
night driving, computer working or watching television)
and environmental conditions (low humidity, conditioner
air or windy condition). The answers were quantifying on a
scale from 0 to 4 and the sum of them was multiplied by
25 and divided to the number of answers. The value of
Schirmer test I was determined at 5 minutes after the
Schirmer strip was placed on the eye lead without
anesthesia. The value of BUT were recorded after instillation
of fluorescein and represent the number of seconds
between the last blink and the appearance of the first spot
in the tear film.

For EPR measurements, approximately 25 µL of tear
secretion were collected from patients that consent to
provide such samples. The EPR spectra of the spin probe
N-oxy1-2,2,6,6-tetra-methyl-4-dimethyl-amino-piperidine-
cethyl bromid (CAT16) were recorded in the tear samples
provided both by patients with and without keratoconus. A
stock solution of CAT16 10-2 M in ethanol was prepared and
a suitable volume was evaporated in a vial in order to final
achieve concentrations of 5×10-4 or 2.5×10-5 M of the spin
probe in the tear secretion collected from patients. The
EPR spectra were recorded on a JEOL FA 100 spectrometer

operating at a frequency modulation of 100 kHz,
microwave power of 0.998 mW, sweep time of 480 s,
modulation amplitude of 1 G, time constant of 0.3 s, and a
magnetic field scan range of 100 G.

Results and discussions
 Demographic data show that the mean age of the

control group was 34.16 ± 10.04 years (range from 14 to
49 years) and for the keratoconus group was 26.05 ± 7.88
years (range from 13 to 49 years). We note the
predominance of male gender in the keratoconus group
(28 male /8 female) and gender equality in the control
group (18 male/18 female). The distribution of patients
with keratoconus was as follows: 5 cases - stadium I, 12
cases - stadium II, 5 cases - stadium III and 14 cases -
stadium IV. The OSDI records have a lower value in the
control group than in the keratoconus group. Thus, the mean
value of OSDI in the control group is 14.63 ± 9.27 (range
from 0 to 33.28), while 30% of patients have values higher
than 20. In the case of keratoconus group, the mean value
for this parameter is 41.07 ± 23.68 (range from 9 to 48)
and it was observed that in 36% of patients show values
lower than 20.

The values of Schirmer and BUT tests are lower at
patients with keratoconus comparatively with the patients
without keratoconus (table 1).

The statistical analysis evidences a significant positive
correlation between the age and OSDI values (0.4968 for
control group and 0.4570 for keratoconus group). A
significantly moderate negative correlation was observed
between the age and BUT (- 0.3451) or Schirmer test values
(- 0.5333) at patients with keratoconus. Table 2 presents
the percentages of normal and decreased values for these
ophthalmologic parameters for control and keratoconus
groups. We observe that more than 80% patients with
keratoconus have smaller Schirmer or BUT values than
normal and for 75% of these patients both values are lower.

Table 1
 THE QUALITATIVE AND QUANTITATIVE TESTS

VALUES FOR DRY EYE

Table 2
 THE DISTRIBUTION OF THE VALUES

SCHIRMER AND BUT TESTS FOR
CONTROL AND KERATOCONUS

GROUPS

Fig. 2. OSDI, Schirmer test, BUT values on
keratoconus stadium
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The figure 2 shows that the patients with advanced
stadium of keratoconus have lower values especially for
BUT test.

The statistical analysis evidence a negative significantly
correlation between BUT value and keratoconus stadium
(- 0.5372) and no significant correlations between OSDI,
Schirmer test values and keratoconus stadium (0.1773,
respectively -0.1862). A moderate significant negative
correlation was obtained for OSDI and Schirmer test values
(-0.3867 for control group and -0.3414 for keratoconus
group). Also, we obtained a significant negative correlation
for OSDI and BUT values (- 0.5892).

The novelty element of this study is represented by the
association of clinical methods already known and
presented above with data provided by EPR spectroscopy
which is often used to investigating biological or
biochemical systems either by spin labeling or spin probes
methods [13,14]. In this study we used a cationic spin
probe (CAT 16) that can interact with the components of
the tear secretion. In a series of studies, we investigated
the behavior of this spin probe in solutions of albumins and
we found that this probe binds to the albumin in the sites
that are exposed to the protein/water interface due to its
ionic properties [15,16]. The EPR spectrum of CAT16 in
concentration 5×10-4 M exhibits three lines both in water
(spectrum not shown) and in tear secretions. The spin probe
CAT16 senses similar polarities in the tear samples
(distance between the first and the third lines is almost
constant). Qualitatively, information about the medium
viscosity of tears secretion can be obtained from analysis
of the middle line width and the ratio between the heights
of the line arising at the high field and the central line from
the EPR spectrum of CAT16. The components of the tear
secretions, especially those with high molecular weight,
such as proteins lead to an increased viscosity of tears
compared with water [17, 18]. Figure 3 shows the
spectrum of CAT16 in tears secretion from a patient with
normal Schirmer and BUT values (a), the spectrum of a
patient with 15 mm value for Schirmer test and 5 seconds
value for BUT (b) and the spectrum of a patients with 7
mm value for Schirmer test and 4 seconds value for BUT
(c). The width of middle lines have the following values
1.75 G (a), 1.84 G (b) and 1.86 G (c), and the ratio between
the height of the central line and the one of the line arising
at higher magnetic field have the following values: 1.77,
1.61 and 1.51, respectively. In the case of the spin probe
CAT16 in water the central line width is 1.7 G and ratio
between the central and the high field line is 1.91.

with DES. Most likely the immobilized component from
the EPR spectra is represented by the complex of the spin
probe with the albumin from tear secretion, as the EPR
spectra of CAT16 in solutions of lactoferrin, lysosyme
immuno-γ-globuline are the same as in water.

Fig. 3. The EPR spectra of CAT16 in (5×10-4M) in tear secretions

A lower concentration of the spin probe (e.g. 5×10-5 M)
is more suitable to report changes occurring in the tear
secretions. In this case the EPR spectrum is composed of
two components. The major component weakly
immobilized corresponds to the complex spin probe/
protein while the other component corresponds to the spin
probe unbound and characterized by a rapid dynamic.  For
instance, Figure 4 shows a collection of EPR spectra of
CAT16 (2.5×10-5 M) in tear secretion obtained from patients

Fig. 4. The EPR spectra of CAT16 (5×10-5M) in tear secretions

The values of ophthalmologic parameters and the
broadening of the central lines from the EPR spectra of
CAT 16 in tear secretions are presented in table 3 for 7
patients. We notice that the broadening of the central line
from the EPR spectra can be qualitatively correlated with
the dry eye severity, especially expressed by the Schirmer
test. Thus, for high values of Schirmer test, the broadening
of the central line in EPR spectrum is lower.

Table 3
  THE OPHTHALMOLOGIC PARAMETERS OF PATIENTS WITH DRY
EYE SYNDROME AND BROADENING OF THE CENTRAL LINE (∆H)

IN THE EPR SPECTRA OF CAT16 SPIN PROBE

In our study, it was noticed that the dry eye symptoms
manifested through irritation, burns, foreign body sensation,
and reflected by high levels of OSDI, were accentuated at
patients with keratoconus, most of them having an
advanced stage in their condition evolution. For both
clusters of analyzed patients, OSDI values are correlated
with age. Also, a significant negative correlation has been
found between BUT and OSDI values. Objective data output
of BUT and Schirmer tests are more reduced for patients
with keratoconus, 75 % of them showing, in our study, low
values for both tests, like the study conducted by Carracedo
G et. all [1], in which 80 % of the patients with keratoconus
shows dry eye symptoms.

Moreover, the statistical analysis highlights a significant
negative correlation between BUT and keratoconus
stadium. The lower BUT values observed at the patients in
advanced stadium of keratoconus may indicate the
abnormal distribution of lacrimal tear film, conditioned by
the conical shape of cornea. In the same time the lacrimal
tear film instability is the result of mucin secretion alteration
and diminution of glycosaminoglycans quantity [1, 19].

Some studies highlight the role of inflammatory factors
in the evolution of keratoconus as it is suggested by the
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protein tear profile with low levels of lactoferrin and high
levels of albumin [19, 20]. In the absence of biochemical
analysis of tear probes we investigated the potential of
EPR spectroscopy in qualitative evaluation of DES. Thus,
the results of this study revealed that the broadening of the
central line and the increase value for the ratio between
the heights of the central line and the line from the high
magnetic field of the CAT 16 EPR spectrum correspond to
lower BUT and Schirmer values.

Conclusions
The correlation of ophthalmic parameters such as BUT

and Schirmer test with spectral parameters of spin probe
in tear secretion can provide indirect indication of the dry
eye syndrome. However, to validate this method a
correlation with biochemical analysis of tears secretions
is necessary. Further studies will be focused on using the
qualitative information provided by EPR spectroscopy in
monitoring the evolution of patients with DES and finding
an optimal therapeutic formula.
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