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a b s t r a c t

Raman spectroscopy has been used for the diagnosis of various eye diseases. A diagnostic tool based on
Raman spectroscopy has been developed to discriminate endophthalmitis from uveitis in vitreous tissues
of rabbits’ eyes in vitro. Twenty-two New Zealand rabbits suffering from endophthalmitis induced by
Staphylococcus aureus (n = 10), non-infectious uveitis induced by lipopolysaccharide from Escherichia coli
(LPS) (n = 10 animals) and control (n = 2) were included in the study. After eye inoculation, vitreous tis-
sues were dissected and a fragment was submitted to dispersive Raman spectroscopy using near-infrared
laser excitation (830 nm, 100 mW) and spectrograph/CCD camera for detection of Raman signal with
integration time of 50 s. A routine was developed to classify the spectra of endophthalmitis and uveitis
using principal components analysis (PCA) and Mahalanobis distance. The mean Raman spectra of tissues
with uveitis and endophthalmitis showed several bands in the region of 800–1800 cm�1, which have
been attributed to nucleic acids, amino acids and proteins from inflamed tissue and proliferating bacteria.
The bands at 1004, 1258, 1339, 1451 and 1635 cm�1 showed statistically significant differences between
both diseases. It was observed that principal components PC1, PC3 and PC4 showed statistically signifi-
cant differences for the two tissue types, indicating that these PCs can be used to discriminate between
the two groups. The diagnostic model showed 94% sensitivity, 95% specificity and 95% accuracy using
PC3 � PC4. The Raman spectroscopy technique has been shown to be useful in differentiating uveitis
and endophthalmitis in vitreous tissues in vitro, and these results may be clinically relevant for differen-
tiating vitreous tissues to optimise the diagnosis of inflammatory and infectious vitreoretinal diseases.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Uveitis and endophthalmitis are both inflammatory processes
that affect intraocular tissues. In uveitis, the uveal tractus is com-
pletely or partially affected by an inflammation process and it
may compromise the other eye tissues such as the retina, optic
nerve and vitreous humour [1]. Endophthalmitis consists of an
inflammatory process caused by an infectious agent [2–4] and, de-
spite the low incidence of postoperative endophthalmitis (0.04–
0.26%), it is one of the most relevant problems in ophthalmology
due to its high morbidity and potential hazard of blindness [5].

The differential diagnosis between endophthalmitis and uveitis
is difficult, and early diagnosis is important for the success of the
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treatment [5,6]. These conditions may be treated by sutureless vit-
rectomy, by a high number of phacoemusification procedures, as
well as by intraocular pharmacotherapy, which may increase the
risks of endophthalmitis [5]. Moreover, intraocular injection of vas-
cular endothelium growth factor (VEGF) inhibitors or steroids may
mask the traditional clinical features of infectious endophthalmitis
and it may delay the correct treatment, resulting in bad prognosis
for the disease [7].

The diagnosis of uveitis and endophthalmitis is based upon
anamnesis, systemic microbiological tests and ophthalmological
examinations, which are non-invasive procedures, but diagnostic
results are subjective and depend upon the intraocular clinical sig-
nals and the expertise of the examiner. Additionally, they may not
confirm immediately the aetiological agent [8]. In case of suspicion
of infection, the clinician needs to confirm and identify the aetio-
logical agent, and often, this is carried out by using needle aspira-
tion biopsy or pars plana vitrectomy, both with increased risks of
damaging the tissues, causing haemorrhage and worsening the
infection [8].
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Raman spectroscopy is an optical technique that has been
proposed as a discriminating/diagnostic tool in the life sciences
[9–14]. This technique is based upon the inelastic scattering
interactions between light and matter. These interactions produce
spectral bands, formed by photons scattered at the frequencies of
the molecular vibrations that provide valuable sensitive and spe-
cific information of the biochemical composition of the tissue. This
technique has the potential to perform a rapid diagnosis in vivo,
without trauma (low power excitation source) and without the
need for tissue removal or pre-processing, thus, it could become
an important tool in ophthalmological diagnosis [15].

Also, Raman technique has been used to monitor the molecular
alterations of crystalline lenses with opacities in situ [16–18]. Con-
focal Raman micro-spectroscopy was employed in the evaluation
of the composition of vitreous, identifying b-carotene in vitreous
asteroid bodies with asteroid hyalosis [19]. Other ophthalmologi-
cal applications of Raman spectroscopy include the detection of
retinal pigments from the macula (lutein and zeaxanthin), the
measurement of the level of carotenes in the macula of healthy pa-
tients and patients with retinal and choroidal dystrophies, and the
quantification of the final products of glycation (AGE) – the pro-
teins modified by non-enzymatic glycation, related to ageing on
Bruch’s membrane of choroid, the detection and quantification of
intraocular drugs, such as ceftazidime and amphotericin B in the
aqueous humour of rabbit eyes in vivo, and glucose in the anterior
chamber of porcine eyes in vitro [20–25].

Raman micro-spectroscopy has been used in bacterial identifi-
cation, to detect and identify different strains of Staphylococcus
[26,27]. Confocal Raman micro-spectroscopy was used to identify
the core and cytoplasm spectra of granulocytes with the aim of
diagnosing inflammatory abnormalities [28]. In relation to the leu-
kocyte proliferation and its activation status, the near-infrared Ra-
man spectroscopy was able to detect a reduction in the
interleukin-2 production, which was reached by the evaluation of
the bands corresponding to the carbon chains [29]. Detecting the
infectious agent of the vitreous after its collection with the needle
is one of the main challenges of using Raman spectroscopy.

The aims of this study were to identify, through dispersive near-
infrared Raman spectroscopy, the spectral differences between vit-
reous tissues of rabbits suffering from experimentally-induced
uveitis (Escherichia coli lipopolysaccharides – LPS) and endophthal-
mitis (Staphylococcus aureus), and to develop a discriminating
model based on principal components analysis (PCA) and Mahalan-
obis distance, to be used as a diagnostic tool based upon the spec-
tral characteristics of each condition.
Fig. 1. Schematic diagram of the dispersive Raman spectrometer used in the
experiment. Laser power: 80 mW, wavelength: 830 nm, resolution: 10 cm�1. For
Raman collection, vitreous body was placed inside a quartz cuvette.
2. Materials and methods

The handling of animals for experimentation followed the
guidelines from the Brazilian Committee of Studies in Experimen-
tation Animals (COBEA) and the protocol was approved by the Eth-
ics Committee in Research of the Universidade do Vale do Paraíba.
Twenty-two New Zealand albino rabbits weighing 2–3 kg were
separated into two groups: G1 – 10 animals with induction of
endophthalmitis by intra-vitreous injection of S. aureus, and G2 –
10 animals with induction of uveitis through intra-vitreous injec-
tion of lipopolysaccharide (LPS) of E. coli (LPS, E. coli serotype
O55:B5 Boivin extract, Sigma–Aldrich, MO, USA). Two animals
were used as a control with intra-vitreous injection of 0.1 mL of
0.9% saline.

Prior to the eye injection, rabbits were anaesthetised with intrave-
nous injection of acepram 1.0 mg/kg and diazepam 0.01 mg/kg and
immediately after intramuscular injection of 1.0 mL of 1:1 ketamine
hydrochloride (100 mg/mL) and xylazine hydrochloride (20 mg/mL)
was performed. Pupils were dilated by topical instillation of
tropicamide 10% eye drops. Animals from G1 were then submitted to
intra-vitreal injection of 0.1 mL solution of 105 CFU/mL of S. aureus,
which was obtained by turbidity of the standard strain [30]. Following
this, animals from G2 were submitted to intra-vitreal injection of
500 lg/mL of LPS diluted in 0.1 mL of saline 0.9% [30,31]. The anterior
chamber paracentesis (0.1 mL) was carried out before the intravitreal
injection with a 27-gauge needle and sterile insulin syringe. These in-
jected suspensions produced clinically observable endophthalmitis
and uveitis 24 h after injections. The procedures were performed after
conjunctival instillation and washout of topical povidine 5% and povi-
dine 10% was used on the skin following the use of sterile drape.

Twenty-four hours after intra-vitreal injection, the rabbits were
euthanised by intracardiac injection of 5.0 mL of thionembutal. In
order to confirm the bacterial infection in the G1 and to discard
any contamination of G2, an aspiration of the vitreous humour
through an insulin needle was carried out in the dead animals
and a microorganism culture was performed. Therefore, only posi-
tive cultures were included in G1 and negative in G2. The dissec-
tion of the vitreous was carried out in a sterile environment,
with each vitreous sample placed in a quartz cuvette and the Ra-
man spectroscopy was immediately performed using the Raman
spectrometer as shown (Fig. 1), with the technical details described
below [32,33]. Raman spectroscopy was performed in both eyes in
G1, G2 and control. In addition, the interleukin-1b was measured
in all eyes to evaluate the tissue inflammatory response. This
experimental protocol was the same as the work of Rossi et al.
[33], where the diseased iris tissue was evaluated through Raman
technique.

The Raman spectrometer has a diode laser (Micro Laser Systems
Inc., CA, USA, model L4830S) with 830 nm wavelength and output
power of 80 mW for sample excitation. The cuvette was positioned
in 90� excitation–collection geometry, with the scattered light
being collected by a set of lenses. The collected light was directed
to a laser-rejection notch filter and entered an f/4 imaging spectro-
graph (Chromex, NM, USA, model 250IS, 600 lines/mm grating)
with entrance slit of 200 lm, providing a spectral resolution of
about 10 cm�1. The spectrograph was coupled to a liquid-nitrogen
cooled CCD camera and a controller (Princeton Instruments, NJ,
USA, models LNCCD 1024x256 and ST130, respectively) for the
light signal detection. The time exposure to collect each spectrum
was set to 50 s. Two spectra were collected for each vitreous sam-
ple from G1, G2 and control. Two spectra were also collected from
the solution of inoculates (LPS and S. aureus in saline).

Spectrograph calibration was checked with naphthalene and all
spectra were pre-processed (background fluorescence filtering by a
5th order polynomial fitting and cosmic ray removal manually)
using Matlab software (The Mathworks, MA, USA, version 4.2).
Each spectrum was normalised by the root-mean-square (RMS)
value calculated in the full spectral range (fingerprint region:



Fig. 2. Mean Raman spectra of vitreous tissues: normal, induced endophthalmitis
and induced uveitis. Laser power: 80 mW; wavelength: 830 nm; resolution:
10 cm�1, exposure time: 50 s. The main spectral features of tissues’ Raman spectra
are indicated with dashed lines. Normal spectrum is shown for Raman features
comparison.
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800–1800 cm�1) and mean-centred. For spectral comparison and
features identification, the mean spectrum of each lesion group
was obtained, and the means of the normal vitreous and of those
from the G1 and G2 were plotted.

A classification model was implemented for differential diag-
nostics of vitreous endophthalmitis and uveitis based on the Ra-
man bands, separating the lesion types according to the
differences found in the spectra. For this purpose, the PCA tech-
nique was employed to reduce the number of spectral variables
and to concentrate the spectral variations in the first principal
components. Then, a discriminant analysis based on Mahalanobis
distance was applied to correlate the differences in the spectral
information of the relevant principal components scores to the le-
sion type. Herewith, by using PCA, the large dataset can be reduced
to a small amount of variables with similar variations, and a dis-
criminant analysis can be employed to determine which spectral
characteristics are more correlated with the tissues [32].

Spectra were submitted to the PCA using the ProRaman routine
under Matlab [34]. The principal components vectors (containing
the spectra of the variances presented in the data) and scores
(intensity of each vector in each original spectrum) were obtained
from the data set, and these parameters were analysed, seeking a
better discrimination. In order to verify which of these vectors best
represents the largest differences in the spectral information of vit-
reous in G1 and G2, and to propose a spectral classification meth-
odology, the Student’s t test with 5% significance level was applied
on the scores of the first four principal components of the two dis-
ease groups. Then a discriminant analysis based on the Mahalan-
obis distance between the endophthalmitis and uveitis was
performed to the scatter plot of the principal components scores
(PCs). This discrimination is indicated by a diagnostic line based
on the mean Mahalanobis distance between the groups. Sensitiv-
ity, specificity and accuracy were calculated for the endophthalmi-
tis in relation to the uveitis.
Fig. 3. Interleukin-1b values measured at rabbit eye iris tissues of all groups and
control (saline). � Indicated statistically significant differences for control versus
uveitis and control versus endophthalmitis (parametric t-test, p < 0.05).
3. Results

All eyes from G1 (endophthalmitis) had a positive culture for S.
aureus and were used in the spectral analysis. Also, all eyes from
G2 (uveitis) had negative culture and were also included in the
dataset. The Raman spectra of the solutions of S. aureus (105 CFU/
mL) and LPS (500 lg/mL) did not show visible bands in the finger-
print region, and therefore were not included in the spectral anal-
ysis. The spectrum of normal vitreous was presented for band
assignment and for comparison with damaged tissues; therefore,
it was not used in the statistical analysis.

The mean Raman spectra of vitreous with endophthalmitis
infection (G1), non-infection uveitis (G2) and control are shown
in Fig. 2.

In the normal vitreous, the Raman spectrum presented a few ob-
servable bands around 840 and 1060 cm�1, which could be attrib-
uted to the band from hyaluronic acid [35] and Raman scattering
of quartz from cuvette [36,37], respectively, and a very low signal-
to-noise ratio band at around 1450 cm�1, which could be attributed
to CH2 bending of collagen and hyaluronic acid [10,14,32,38] from
the vitreous body. Spectra of non-infection uveitis presented bands
at 837 cm�1 (overlap of the quartz band and the 850 cm�1 band from
tyrosine); 1064 cm�1 (quartz); 1258 cm�1 (amide III: C–H and N–H
stretch); 1339 cm�1 (amine III: a-helix structure; adenine and guan-
ine; C–H bonds); 1451 cm�1 (CH2 bending of proteins: albumin,
lysozyme, ribonuclease; also C–H bonds, including CH2 and CH3

from lipids); and 1635 cm�1 (1060 cm�1 from quartz and a contribu-
tion of the 1668 cm�1 from amide I vibration: C–C stretching of pro-
teins and lipids in lesser extent) [10,14,16,28,32,38]. Raman spectra
of endophthalmitis showed several bands in the same positions of
uveitis, with a statistically significant increase in the intensity of
the bands at 1258, 1339 and 1451 cm�1 (t test, p < 0.05) and a broad
band with lower intensity at 938 cm�1 (amide III: C–C stretch). Also,
a shift of the broad band at 1668 cm�1 and a new band at 1004 cm�1

(phenylalanine ring from proteins) was observed [10,16,28,38].
Spectral features appearing in endophthalmitis are comparable to
those of the staphylococcus [26], mainly the phenylalanine band
at 1004 cm�1, bands in the amide III (1250–1350 cm�1) and the very
intense CH2 band at 1451 cm�1. Those bands are in accordance with
the basic constitution of bacteria substructural composition, basi-
cally nucleic acids (DNA/RNA), proteins, lipids and polysaccharides
[26].

Fig. 3 shows the interleukin-1b (IL-1b) values for all groups. This
cytokine is involved in a variety of cellular activities, including cell
proliferation, differentiation, and apoptosis, and is an important
mediator of the inflammatory response. It was found that IL-1b
values were increased for the endophthalmitis and uveitis, with
higher values for the endophthalmitis, indicating a higher inflam-
matory response in tissues affected by this infectious process.

A model to classify the Raman spectra of inflamed tissues
according to the aetiological agent was developed based on the
PCA scores by using the data set of endophthalmitis and uveitis.
After extracting the PCA vectors and scores, it was verified that
the first four PCs represent about 60% of all spectral variance of
the data set (PC1 = 43%, PC2 = 8.0%, PC3 = 3.8%, PC4 = 3.5%). The
scores (intensities) of each principal component projected in each
one of the Raman spectra (which was related to the relative
amount of each PC vector in each spectrum) were used as a differ-
entiation parameter between the lesions, with the use of the Maha-
lanobis distance as a classification between groups. In order to
determine which PC had the most important information to



Fig. 4. Mean intensity and standard deviation of the scores of the principal
components PC1 to PC4 of the vitreous with endophthalmitis and uveitis.
� Indicated statistically significant differences (parametric t-test, p < 0.05).

Fig. 6. Scatter plot of the PC3 � PC1 and PC3 � PC4 scores for the vitreous tissues
with endophthalmitis and uveitis. Separation lines are based on the mean
Mahalanobis distances among groups.
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describe the spectral variations among the two groups, the mean
and standard deviation of the first four PC scores of each lesion
group was calculated, and the t test with 5% significance level
was applied in these scores. Mean values and the standard devia-
tion for the PC1 to PC4 are shown in Fig. 4. It has been verified that
the PC1, PC3 and PC4 scores showed statistically significant differ-
ences for discriminating G2 from G1.

The spectral vectors from the first four PC vectors of the Raman
spectroscopy from G1 and G2 are shown in Fig. 5. It was observed
that the principal components PC1 to PC4 resemble Raman spectra
with spectral information in the same bands of the endophthalmi-
tis and uveitis tissues. However, the PC3 spectrum presents bands
referred to the endophthalmitis spectrum at 1258, 1339 and
1451 cm�1, attributed to the vibrations of C–H and N–H stretch
of amide III; a-helix structure and C–H bonds of amine III; CH2

bending of proteins; and C–H bonds of lipids, including CH2 and
CH3, respectively. PC4 presents a band at 1668 cm�1, from amide
I vibration of proteins and lipids. The presence of higher intensity
bands of proteins and lipids in endophthalmitis indicate an inflam-
matory process taking place, with the spectral contribution arising
from proliferating bacteria and inflammatory cells.

The PC1, PC3 and PC4 scores were those that better showed dis-
crimination between the G1 and G2 groups, and they were used in
Fig. 5. Plot of the principal components vectors PC1–PC4 for the vitreous tissues, wit
the discrimination model. Fig. 6 shows the scatter plot of
PC1 � PC3 and PC3 � PC4 scores, with the Mahalanobis distance
being used as a discriminator between the two groups (the mean
Mahalanobis distance is also plotted in Fig. 6). Fig. 7 shows the
3-D scatter plot of PC1 � PC3 � PC4 scores.

Table 1 shows the results of the spectral classification model of
the lesions as well as the sensitivity, specificity and accuracy of the
model, with the uveitis being considered as a ‘‘benign status’’ while
endophthalmitis was considered a ‘‘pathological status’’. The mod-
el indicated maximum sensitivity, specificity and accuracy for the
combination of PC3 � PC4.
h the main spectral features of Raman spectra indicated with grey dashed lines.



Fig. 7. 3-D scatter plot of the PC1 � PC3 � PC4 scores for the vitreous tissues with
endophthalmitis and uveitis.
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4. Discussion

Several studies have proposed the use of Raman spectroscopy as
a tool for detecting proteins in contact lenses, protein abnormali-
ties in the crystalline lens, vitreous abnormalities and drugs detec-
tion in the aqueous humour [15,24,39], aiming for a rapid and
minimally invasive diagnostic method in ophthalmology. Due to
the molecular specificity, Raman spectra would be able to furnish
important and useful biochemical information for diagnosis, help-
ing in the identification of tissue biochemistry and the disease’s
aetiological agents [10,32].

The normal vitreous is an amorphous hydrogel composed
mainly by hyaluronic acid and collagen fibrils immersed in electro-
lyte solution, mainly NaCl. In this work the vitreous tissue pre-
sented a few distinguishable Raman bands in the region between
800 and 1800 cm�1, around 840 and 1060 cm�1, attributed to the
hyaluronic acid and quartz cuvette, respectively [35–37]. A very
weak band is shown at 1451 cm�1 attributed to collagen and hyal-
uronic acid, demonstrating the feasibility of the detection of pro-
teins in the vitreous tissue [39] through this technique. Raman
bands of the vitreous tissue with uveitis (G2) showed weak bands
at 1258, 1339 and 1451 cm�1 and a relatively strong broad at
1635 cm�1, indicative of the presence of proteins, mainly cyto-
kines, beside leukocytes in the acute phase of the inflammatory
process and the nucleic acids of neutrophils, whose concentration
is increased in inflamed eye tissues [28].

Analysis of the Raman spectra of vitreous with endophthalmitis
(G1) demonstrated an increase in the intensity of the bands at
1258, 1339, 1451 and 1668 cm�1 in relation to what is shown in
Table 1
Results of the PCA/Mahalanobis diagnostic model applied to Raman spectra of endophthal

Classification based on the PCA scores and

PC1 � PC3

Induced Lesion Uveitis Endophthalmitis

Uveitis (n = 20 spectra) 18 2
Endophthalmitis (n = 18 spectra) 2 16
Sensitivity (%) 89
Specificity (%) 90
Accuracy (%) 89

Note: Sensitivity and specificity calculations were made according to IATROS (Statistics a
benign disease.
the uveitis and normal vitreous. This is explained by the fact that
these bands, related to proteins, lipids and polysaccharides [26],
are present in cytokines, leukocytes and also in the S. aureus [27],
justifying its presence in the infectious process. The new bands
at 938 and 1004 cm�1 could be attributed to the higher amount
of adenine and phenylalanine (ring breathing) from S. aureus in
the infected tissues, indicating the capability of Raman spectra to
recognise spectral features of the S. aureus in colonies [26,27,40].

In the experimental uveitis induced by intraocular LPS, it is
known that the intensity of the intraocular inflammation presents
a maximum response between 20 and 22 h after inoculation; there
is also an increase in the vascular permeability and albumin both
in tissues and intraocular media, together with an increase in leu-
cocytes, directly related to the amount of LPS injected into the eye
[41]. Additionally, in intraocular inflammatory process, there is an
increase of cytokines, such as interleukin-6, interleukin-8, tumour-
al necrosis factor, interleukin-13, c-interferon and CCL2 [42]. In
this study the IL-1b was found to be increased in inflammatory
and infected tissues, but the bands related to these cytokines were
not found in the literature for a good spectral correlation. It is
known that some monoclonal antibodies exhibit a band at around
1245 cm�1 [41], which was not observed in this study.

Here, we have shown that it is possible to classify the vitreous
spectra depending upon the aetiological agent of the induced le-
sions (infection/inflammation) by a diagnostic model based on
the PCA scores of Raman spectra. The PCA shows the advantage
of no need for a previous knowledge of the biochemistry of the tis-
sue under analysis, with just the differences in the spectra from the
different samples being important [37,41]. This represents advan-
tages in the development of classification models, considering that
it is necessary to know only that there is alteration of the sample,
not the nature of this alteration. This is based on the fact that the
PCA decomposes the spectra into a new set of variables, the prin-
cipal components vectors, which represent the directions of the
highest spectral variations among all data sets [32,37]. The projec-
tion of each observation (spectral data) in each vector comes with
new variables, whereas the scores represent the intensity of each
PC vector in each tissue spectrum [14].

In the present study, despite the lower signal-to-noise ratio pre-
sented by the Raman spectra, the discriminant analysis using the
Mahalanobis distance applied to PC3 and PC4 scores showed sensi-
tivity of 94%, specificity of 95% and accuracy of 95%, for the differen-
tial diagnosis between endophthalmitis and uveitis. This high
sensitivity and specificity from the Raman spectroscopy analysis of
infected and inflamed vitreous demonstrates the potential of the Ra-
man spectroscopy for helping the diagnosis of both intraocular
pathologies. This is clinically relevant and especially important for
differential diagnosis between uveitis and endophthalmitis in eyes
with ocular inflammatory response at the postoperative period or
after intraocular injection of steroids or inhibitors of VEGF. In these
situations, the traditional clinical features of infectious endophthal-
mitis may be masked and the delay regarding the correct diagnosis
mitis and uveitis in rabbit’s vitreous, with sensitivity, specificity and accuracy values.

Mahalanobis distance

PC3 � PC4 PC1 � PC3 � PC4

Uveitis Endophthalmitis Uveitis Endophthalmitis

19 1 18 2
1 17 1 17
94 94
95 90
95 92

nd Scientific Research for Health Care Professionals) and uveitis was considered as a
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and treatment may result in bad prognosis in cases of infectious
endophthalmitis [7].

Raman spectroscopy has become a tool with high potential for
the characterisation of biological tissues and the detection of ocular
histopathological abnormalities by using the scattering properties
of the ocular media [28]. The Raman technique is a potential method
to diagnose endophthalmitis from a small vitreous sample obtained
during anterior vitrectomy or vitreous biopsy, and prior antibiotics
injection through needle. The ability of obtaining quantitative infor-
mation about the biochemical abnormalities of tissues using disper-
sive Raman technique and also the possible access to the ocular
tissues by this non-destructive technique may become the ‘‘optical
biopsy’’ technique, a useful tool for diagnosis of inflammatory and
infectious vitreoretinal diseases in clinical ophthalmology.

In order to be able to use the Raman spectroscopy to measure
vitreous tissues in vivo in a minimally invasive diagnosis, studies
to address the problem of light passing through other eye tissues
such as the eye lens, which would generate undesired Raman sig-
nal, and the safety of the laser power and wavelength to other
eye structures such as retina and macula are needed.
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