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Brief Abstract. Comparison of optical coherence tomography (OCT9 Eh radiothermometry (IRRT)
efficacy in diagnostics and monitoring of ophthalrpiathologies is reported. Principles of OCT anRBTRlevices
as well as diagnostic methods are described. Wi i ability of OCT to differentiate different patogies based
on morphologic data while IRRT is based on funaiioalterations. Advantages and disadvantages dacband
non-contact techniques are discussed.
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Introduction

The problem of differentiation of various ophthatnpiathologies is still of importance. The majoffidiflties
appear in diagnostics of inflammatory and dystroptiiseases of the posterior segment of the eyé¢bgllFor
example, choreoretinitis often have latent recgrieharacter without any clinical symptoms. Standdiedynostic
technique which is ophthalmoscopy is quite subyectin addition the visual inspection of the funaddé®ye is often
complicated by a narrow rigid pupil, vitreous opgacand corneal dystrophy which make the diagnosisem
uncertain. Similar alterations of retina and ogtfd@er may cover up various diseases: uncomplitailammatory
processes, secondary retina dystrophy and exudeadtireal detachment, optic neuritis, vitreous hennage with
formation of adhesions. Inflammatory focus in chdrat the first stage may be obscured by pigmeithelum
detachment [2]. Study of functional disorders doesallow to increase diagnostic efficacy becausth Ipathology
types often cause identical alterations. Laboratechniques also do not provide reliable differ@ntliagnostics
because alterations of biochemical and clinicabpeaters are low specific. Capabilities of additlanatrumental
diagnostics are also limited. Results of electrgpdiggical studies in this case are mostly non-$igeand,
consequently, not efficient. Rheoophatalmology Wwhias been previously applied for such diagnogtiasarily
allows to evaluate hemodynamics of the anteriot parthe uveal tract [3]. These circumstances Sicpmtly
complicate clinical diagnostics.

In recent decade optical coherence tomography (QtFE) been successfully applied for diagnostics of
eyeball pathologies [4]. OCT allows to obtain imf@tion about tissue pathologic alterations in alitg of eyeball
[5, 6]. Possibility of repeating an OCT inspectialiows to monitor the dynamics of the pathologiogass and
evaluate the efficacy of the chosen treatment phaee[7]. All this examples of OCT application iphkdhalmology
deal with non-contact diagnostics [4-7]. As for O@iagnostics of anterior chamber angle (ACA) ciliaody (CB)
pathologies, OCT is reputed to fail to provide mmfiation about ultrasructure of these objects andbea applied
only for CB visualization in weak pigmented eyek [8

OCT allows to reveal morphologic alterations whitermodiagnostics techniques have a potential to be
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used for evaluation of functional changes. Thermgudostics is a well-established technique whichfbasd wide
application in various medical areas [9-12]. Almasach disease is accompanied by changes in blood
microcirculation and consequently, in thermoprodurct Thus, in the situation with inflammatory preses the
increase in local temperature originates from iaseein metabolism level, blood flow, and disordheregulation of
peripheral blood circulation. Accurate local tengiare measurement may allow for differential disgjios of
various pathologies and provide monitoring of paifi@ nidus evolution during treatment. Applicatiohcontact
temperature measurement techniques has certaivdisages such as the effect of contact qualitheasurement
accuracy.

The main goal of this paper is the demonstratiorcaypability of contact OCT and non-contact IR-
radiothermometry in diagnosing wide range of oplmiha pathologies and illustration of the role ofefle
technologies in ophthalmology.

Material and M ethods

For contact OCT diagnostics we used OCT-1300U aefrieg. certificate # 022005/235-05 May 5.2005)
developed at the Institute of Applied Physics RABziny Novgorod) with a specially developed en-farebe
which is 2.7 mm in diameter. A supporting beam he wisible range (630 nm, 0.1 mW), which indicatles
scanning direction at the sample surface is intedranto the scanning system. Principal scheme taoknical
characteristics of the setup are described in qthpers [13].

The developed microprocessor IR radiothermomet(lH] is based on the scheme of modulation radiemet
(Fig.1).

Fig.1

The radiometer utilizes the modulation measurerteattnique. It is based on the periodic connectiche
measured signal proportional to the temperaturéhef studied object and reference noise source krithwn
temperature proportional to the input channel efrddiometer. Trigging is performed by employmenteference
voltage generator with meander-shaped voltage tependence. The essential feature of the develdeede is
the modulation of radiation in front of two-chanrggdtical system with a diaphragm [13], which allotesavoid
errors connected with possibility of measuremerthefoptical system temperature. Absolute erranefsurement
does not exceed 0.85, size of focal spot is 5 mm, the wavelength raisgeom 2 to 25ukm.

At the stage of primary diagnostics all the pasdniolved in the study have undergone full sestahdard
inspection procedures.

In the framework of this study, 34 healthy volumgeé8 eyes), 72 patients with eye contusion decéht
grade (144 eyes), 5 eyesvivo and 15 eyepost mortem were inspected with OCT for possible compariso@GfT
and histologic data. OCT diagnostics in vivo wasfggened under local instillation anesthesia with Diéain
solution. The OCT probe contact surface was fixetbalbar conjunctiva.

In the IR radiometry study we have inspected 49thgasolunteers, 54 patients with various dystraphi
diseases of the posterior segment of the eye, @qmh#lents with inflammatory processes at fundbsieoretinitis,
optic neuritis). The inspection was performed with@nesthesia because the technique is non-corfact.
minimization of measurement errors related to tifeuénce of environmental conditions reference mesasents
are used in IR thermometry. Registration of temppeeawas performed both in the pathology area anthé
symmetric one, i.e. the temperature was measunesicatively in both eyes of the patient and thenntteasured

values were compared. The measurements were peddmo or three times in order to minimize the nieasment
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error. The examination of one patient with this imeek took only 1.0 - 1.5 minutes, which could befulsa the
outpatient setting.

Results

Typical OCT images of the anterior segment of tiieball in visualization aimed for corner of anterio
chamber and ciliary body were obtained from heaftatjents. In 75 % of OCT-images obtained in 1 momflimb
it is possible to distinguish histologic structurek the drainage system: anterior chamber cormabetular
apparatus and Schlemm's canal (Fig.2a, b). Traheapparatus appeared in OCT-images as a non-umifor
structure with prevailing high signal level and mpoonced continuous irregular boundaries. Schlenuatsal
appeared as low scattering convex area with comtisirregular contrasted boundaries..

Fig.2

In 90% of OCT-images in 2 mm from limb the ciliatedrt of CB appeared as a triangle with truncafeeka
corresponding to histological transversal sectiohthe ciliated part of CB (Fig.2c,d). In the OQTfages of the
ciliated part of CB we differentiated the main lesi€The muscular layer appeared as a structurematterate OCT
signal level and regular contrasted boundaries. vitseular layer of CB appeared as an area withriedvsignal
and irregular weak boundaries. The pigment epitihelivas manifested in the form of high signal lemsd irregular
contrasted boundaries and regular or scallopedridwendary. We did not find any dependence of ti&TO
appearance of these structures on age or gendehwsliowed to use these images as reference foaltered
structures of the anterior chamber.

In order to develop criteria for recognition ofeatd structures of the anterior segment in OCT-&nage
performed OCT-diagnostics of patients with diffargrade of eye contusion. This study discoveredta®typical
morphologic changes in the anterior segment of mymifested in OCT-images. We have discovered that t
earliest and essential pathomorphological manifiestaf the eyeball contusion is the edema, whiestage and
localization depend on the grade. We have foundraévariants of manifestation of edema of the @otesegment
inner structures: thickening of one or more layef<CB, the appearance of zones with reduced sitpval of
irregular shape without distinguished boundarieshm muscular and vascular layers, disturbance Bflayers
visualization in an OCT-image with extreme man#gisin of structure loss in the image, which is tgbifor severe
concussion of the eyeball (Fig. 3).

Fig.3

The IR radiothermometry has been employed for wifféal diagnostics of dystrophic and inflammatory
diseases of the eyeball. The results show thatrajst processes of the posterior segment of trebadl are
accompanied by decrease of the surface temperayuesevalue from 0.3 to 1.2C. Inflammatory diseases of the
posterior segment of the eyeball are accompanieiddrgase of the surface temperature by a valuea 6@ to 0.8
°C. Itis worth mentioning that the temperature &&oin value depends on the grade of a pathologicass.

Fig.4

Based on the results of the reference group wedfoliat without eye pathology the temperature asytryme
between two eyes does not exceed 0.1 — OR5Pathology of the eyeball is accompanied by thesaked
pronounced temperature asymmetry which allows tdfopm differential diagnostics of inflammatory and
dystrophic processes of the eyeball.

Fig. 4 shows histograms of temperature asymmetrpdthologies of anterior and posterior eye segmdriite

results show that the temperature asymmetry hderelift character for inflammatory and dystrophisedises, in
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pathologies of the posterior segment it is mucheloeompared to diseases of the anterior segmeid.résult is
natural and is explained by deeper location otlieemal inhomogeneity in pathologies of the postesegment.
Against the background of anti-inflammatory and iomocorrective therapy in inflammatory patients the
temperature asymmetry decreased (Fig. 5) andyibaltame undetectable which can be considered additional
criterion of remission
Fig.5

Discussion and conclusion

In this paper we discuss two diagnostic techniguaish are being actively developed in the recerctde
in various medical areas including ophthalmologyCTOhas already become a standard procedure in leyeba
pathologies diagnostics. More than that, Anteriegr8ent Optical Coherence Tomography (AS-OCT) teghhas
been developed. The AS-OCT is a non-contact, neasine imaging modality that provides high resantimage
of the anterior segment in cross section in viv®,1¥]. Furthermore the use of wide-field scanniptjas (16 mm)
and deep axial scan range (8 mm) allows the AS-@Cifmage the entire anterior chamber in a singhené. It
allows for an objective assessment of the antetiamber (AC) angle and is easy to use even witlinmairtraining.
The considered modality of conta@CT provides possibility not only for diagnostics betanterior chamber corner
which is important for glaucoma diagnostics, bigoafor imaging of inner structures of the antebamber,
ciliary body and Schlemm's canal. This provides ehovapabilities for OCT application in ophthalmoyog
Combination of anterior chamber corner evaluatiod ianaging of Schlemm's canal shape is promisingnty for
glaucoma diagnostics, but also for differentialgtiastics of various forms of this pathology. Irsthaper we show
that contact OCT can be employed for revealinghefdgrade of the eyeball contusion. Comparison ®fésults of
OCT diagnostics for patients of three groups wihtasions of different grade demonstrated stasilijicsignificant
difference between the groups by OCT-criteria. sltimportant that statistically significant diffe@n can be
observed in OCT-criteria at different stages oflgeand delayed manifestations, convalescence ggritis allows
to employ OCT not only for diagnostics, but alsprfmnitoring of treatment of eye contusion.

In this paper we show that non-contact IR radiattemetry is a convenient tool both for conventiosuad
differential diagnostics, as well as for monitorinitreatment of different eyeball pathologies.

In our opinion there is no need to compare the iapplechniques because they are different both in
principle of operation and information obtained.wéwer, combination of these techniques will allaniricrease
diagnostic efficacy: OCT allows to monitor evoluti@f morphologic (patomorphologic) alterations la¢ tevel
close to histology while IRRT allows to monitorgige temperature. Radiothermometry can be combiatdviaith
conventional OCT and contact OCT considered in wosk. For example, combination of non-contact O&d
IRRT is very promising for monitoring of structuaed temperature of the posterior eye segment nsprapillary

thermotherapy, which is applied both in tumor [18jd non-tumor eye pathologies [19].



In conclusion we should point out that the congdein the paper OCT and IRRT techniques are non-

invasive and safe diagnostic techniques that peopigssibility for multiple application monitoringhé follow-up.

For IRRT non-invasiveness is an additional advamtagwever, contactness of OCT in the consideredifioation

provides advantages in visualization of anterigimsent structures. Both techniques are promisinglifognostics of

wide range of eye pathologies (inflammatory proessslystrophic diseases, contusion, glaucoma). Thald be

employed both for primary and differential diagncstat the early or delayed stage. Their combinasgromising

for evaluation of morphologic and functional statéhe eyeball.
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Theshort descriptive titles of the figures

Fig. 1. Structural diagram of microprocessor racditen

Fig. 2. Histology of anterior chamber corner ancy body section in 1 mm (a) and 2 mm (c) fromib;
OCT-images of normal anterior chamber corner seétidd mm (b) and 2 mm (d) from limb
1-anterior chamber corner; 2- trabecular appar&uSchlemm's canal; 4- ciliated part of CB; 5-muac

layer of CB; 6-vascular layer of CB; 7- pigmenttaplium)

Fig. 3. Typical OCT images of CB with severe comsims of the eyeball: typical structure loss with

presence of chaotic areas with low signal level

Fig. 4. Temperature asymmetry of the anterior andtgrior segments of the eye obtained from IR
radiothermometry measurements (grey bars show demée intervals of the measurements, dash lines the
interval for average norm values). 1 - norm; 2 stayphic diseases of the anterior segment of tiee(egrneal
dystrophy); 3 - inflammatory diseases diseasehefanterior segment of the eye (keratitis and aydbtis); 4 -
dystrophic diseases of the posterior segment oéyiee(of retina and optic nerve); 5 — inflammatdigeases of the

posterior segment of the eye

Fig. 5. Evolution of temperature asymmetry durirgatment of acute uveitis (1), torpid uveitis &)d

senile macular degeneration (3)



