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Ce nu este cunoscut, deocamdata, la subiectul abordat

Nu a fost studiata, deocamdata, modificarea cantitativa a
culorii maculei pe scara CIELAB a imaginii oftalmoscopice,
in functie de gradul ei de depigmentare, in retinopatia dia-
betica.

Ipoteza de cercetare

Cuantificarea gradului de depigmentare a maculei pe sca-
ra CIELAB a culorilor, comparativ cu coloristica vaselor arte-
riale, permite diagnosticul precoce al microanevrismelor si
al retinopatiei diabetice.

Noutatea adusa literaturii stiintifice din domeniu

S-a constatat cresterea luminozitatii zonei maculare la
pacientii diabetici, care ar putea fi predictiva pentru aparitia
microanevrismelor si utila pentru diagnosticul precoce al re-
tinopatiei diabetice.

Rezumat

Introducere. Retinopatia diabetica (RD) se manifesta prin
deteriorari morfologice caracteristice ale fundului de ochi.
Dimensiunea redusa a microanevrismelor (MA), asociata cu
culoarea similara a tesutului invecinat, complica abordarea di-
agnosticului de RD prin evaluarea MA. Avand in vedere ca un
proces inflamator sever sta la baza dezvoltarii RD, este posibil
ca radicalii liberi sa provoace depigmentarea tesutului reti-
nian. Prin urmare, evaluarea culorii din zona maculard, com-
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What is not known yet about the topic

At the moment, it has not been studied the quantitative
modification of the macula color on the CIELAB scale on
ophthalmoscope image, depending on its degree of depig-
mentation in the diabetic retinopathy.

Research hypothesis

The quantification of the degree of macular depigmenta-
tion on the CIELAB scale of colors, compared to the arterial
vessels color, allows the early diagnosis of micro aneurisms
and diabetic retinopathy.

Article’s added novelty on the scientific topic

[t was established increased lightness in macular zone in
patients with diabetes, which might be predictive for micro
aneurisms appearance and might be used for early diabetic
retinopathy diagnostics.

Abstract

Introduction. Diabetic retinopathy (DR) is manifested by
characteristic morphological deteriorations in the eye bottom.
The small size of micro aneurisms (MA) along with similar
color of neighboring tissue complicates the approach for DR
diagnostics based on MA verification. As far as severe inflam-
matory process underlay DR development, it is possible that
free radicals are able to cause depigmentation of retinal tissue.
Hence, evaluation of the color in macula zone with the conse-
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paratd, ulterior, cu celelalte zone ale fundului de ochi care nu
contin astfel de pigment, ar putea fi utila pentru determinarea
semnelor precoce ale precipitarii RD. Au fost investigate ca-
racteristicile culorii maculei si ale trunchiului arterial inveci-
nat drept biomarkeri ai precipitarii retinopatiei diabetice.

Material si metode. Caracteristicile culorii structurilor
fundului de ochi au fost verificate pe scala CIELAB a imagini-
lor oftalmoscopice. A fost comparata diferenta dintre valorile
medii ale coordonatelor L* a* si b* ale scalei CIE la pacientii
cu diabet zaharat si la voluntari sanatosi. A fost estimata va-
loarea predictiva a diferentelor obtinute pentru dezvoltarea
RD pe baza aparitiei MA pe parcursul unui an de observatie a
pacientilor cu diabet.

Rezultate. Valoarea medie a parametrului L* la pacientii
cu diabet zaharat a fost de 2,71 ori (p<0,05) mai mare decat
la grupul de persoane practic sandtoase, in timp ce valoarea
parametrului a* a fost redusa de 3,8 ori, comparativ cu cea de
control (p<0,05); parametrul b* a depdasit de 12,4 ori valoarea
de control (p<0,05). Parametrul integrat al diferentei de cu-
loare (AE) a depasit valoarea de control de 2,87 ori (p<0,05).
Diferentele mai pronuntate ale AE au fost urmate de perioa-
de mai scurte pana la aparitia MA, cu un nivel de corelatie de
-0,56 (p<0,05).

Concluzii. Datele obtinute sustin ipoteza cresterii
luminozitatii in zona maculara la pacientii cu diabet zaharat,
care ar putea fi predictiva pentru aparitia MA si utila pentru
diagnosticul precoce al RD.

Cuvinte cheie: retinopatie diabetica, analiza imaginilor of-
talmoscopice, microanevrism.

Introducere

Retinopatia diabetica (RD) se manifestd prin deteriorari
morfologice caracteristice ale fundului de ochi. Aparitia mi-
croanevrismelor (MA) reprezinta primul indicator initial si
robust pentru retinopatia indusa de diabet [1, 2]. Dimensi-
unea redusa a MA, asociata cu culoarea similara a tesutului
invecinat, complicd abordarea diagnosticului de RD, bazat pe
evaluarea MA [2]. Prin urmare, diagnosticarea precoce a RD
reprezintd un subiect actual in domeniul oftalmologiei [1, 3].

Avand in vedere ca un proces inflamator sever sta la baza
dezvoltarii RD [4], este posibil ca radicalii liberi sa poata de-
termina depigmentarea tesutului retinian [5]. Prin urmare,
evaluarea culorii din zona maculard, comparata, ulterior, cu
celelalte zone ale fundului de ochi, care nu contin un astfel de
pigment, ar putea fi utild pentru determinarea semnelor pre-
coce ale precipitarii RD.

Trebuie de subliniat faptul ca noi am elaborat mai recent
sistemul propus pentru analiza caracteristicilor coloratiei
suprafetelor biologice, care a fost utilizat eficient cu scop de
diagnostic precoce al cariei, la pacientii ortodontici [6, 7]. in-
tr-un astfel de sistem, cel mai important este utilizarea unui
standard de culoare, calibrat, care permite efectuarea unei
comparatii fiabile. De aceea, pentru a efectua o comparatie efi-
cienta in timpul investigatiei diagnostice a fundului de ochi,
am decis sa folosim trunchiul vaselor arteriale drept standard
de culoare. Aceastad decizie a fost justificata de stabilitatea
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quent comparison with the other zones of eye bottom, which
are free from such pigment, might be helpful for the verifica-
tion of early signs of DR precipitation. Color characteristics of
macula and neighboring arterial trunk as biomarkers of dia-
betic retinopathy precipitation were investigated.

Material and methods. Color characteristics of eye bot-
tom structures were verified in CIELAB scale on ophthalmo-
scope images. The difference of average values of L* a*and b*
coordinates of CIE scale in patients with diabetes and healthy
volunteers was compared. Predictive value of gained differ-
ences for DR development on the basis of appearance of MA
in one year observation of patients with diabetes was esti-
mated.

Results. The average value of L* in diabetic patients ex-
ceeded such one in the group of practically healthy persons by
2.71 times (p<0.05), while value of a* index was reduced by
3.8 times when compared with control one (p<0.05); b* index
exceeded such one in the control group by 12.4 times (p<0.05).
The integrated index on color difference (AE) exceeded con-
trol value by 2.87 times (p<0.05). More pronounced differenc-
es with AE were followed by shorter period of MA appearance
with correlation level at -0.56 (p<0.05).

Conclusions. Gained data are in favor for the increased
lightness in macular zone in patients with diabetes, which
might be predictive for MA appearance and might be used for
early DR diagnostics.

Key words: diabetic retinopathy, ophthalmoscope images
analysis, micro aneurism.

Introduction

Diabetic retinopathy (DR) is manifested by characteristic
morphological deteriorations in the eye bottom. Among oth-
ers the appearance of micro aneurisms (MA) occupies first
place as initial and robust indicator for diabetes-induced reti-
nopathy [1, 2]. The small size of MA along with similar color of
neighboring tissue complicates the approach for DR diagnos-
tics based on MA verification [2]. That is why the early diag-
nostics of DR is still actual for the ophthalmology [1, 3].

As far as severe inflammatory process underlay DR devel-
opment [4] it is possible that free radicals are able to cause
depigmentation of retinal tissue [5]. Hence, evaluation of the
color in macula zone with the consequent comparison with
the other zones of eye bottom, which are free from such pig-
ment, might be helpful for the verification of early signs of DR
precipitation.

It should be stressed that earlier we have worked out the
system purposed for the analysis of color characteristics of
biological surfaces, which was effectively used in orthodontic
patients for the early caries diagnostics [6, 7]. The necessity
of the usage of calibrated standard of color which permits to
perform reliable comparison is most important for such sys-
tem. That is why for performing effective comparison in the
course of eye bottom diagnostic investigation we decided to
use arterial vessel trunk as a color standard. Such a decision



mai Tnalta a hemoglobinei fata de actiunea radicalilor liberi
in tesutul retinian si de degradarea minimd, presupusa, a
coloratiei hemoglobinei.

Prin urmare, scopul prezentei lucrdri a fost evaluarea
posibilitatii principale de diagnostic al stadiului incipient al
RD, bazata pe compararea caracteristicilor culorii zonei macu-
lare cu cea din trunchiurile vaselor arteriale.

Material si metode

Au fost Inrolati 20 de voluntari practic sanatosi (varsta me-
die 33,2£3,5 ani) si 53 de pacienti cu diabet zaharat de tip 2
insulinodependent (varsta medie 30,6+3,3 ani).

Toti subiectii au dat consimtamantul scris pentru inro-
lare. Toate investigatiile au fost efectuate in conformitate cu
cerintele etice ale comitetului de eticd de la Universitatea
Nationald de Medicina din Odessa (Intretinerea Animalelor si
Comitetul de Etica al ONMedU, 2008/84).

La selectarea grupului de control, au fost respectate urma-
toarele criterii:

(1) presiunea intraoculara <21 mmHg;

(2)acuitatea vizuala pastrata;

(3) campul vizual nedeteriorat;

(4) absenta bolilor oftalmice si a tulburarilor neurologice.

Pentru diabetici, au fost urmatoarele criterii:
(1) presiunea intraoculara mai putin de 21 mmHg;

(2) acuitatea vizuala corectabila (mai mult de 7/10);
(3)absenta semnelor de retinopatie proliferativa, care a
fost stabilita prin intermediul fluoroangiografiei [1];

(4) durata diabetului nu mai putin de 2,5 ani.

Imaginile digitale ale fundului de ochi se caracterizeaza
prin contrast scazut al structurilor si o iluminare heterogena,
centrul imaginii fiind cel mai luminos [1, 3]. Cu scopul de a
diminua aberatiile mentionate, am utilizat tehnologia de ega-
lizare de histograma adaptiva, limitata de contrast (CLAHE),
care s-a dovedit a fi eficienta pentru contrastul crescut al va-
selor de la fundul de ochi si a permis cresterea contrastului de
1,7-3,0 ori [3, 8].

Ulterior, toate caracteristicile obtinute pe scala de culori
RGB au fost transferate pe scala CIELAB, in conformitate cu
algoritmul de lucru [6, 7]. Mai tarziu, scala CIE a permis evalu-
area coordonatelor indicilor de luminozitate L* a* si b*

Rezultatele cercetarilor au fost prelucrate statistic, apli-
cand metoda ANOVA si testul Newman-Keuls.

Rezultate

In conformitate cu examinarea oftalmoscopici, la 18
pacienti nu au fost detectate MA, iar la ceilalti pacienti a fost
demonstrata prezenta lor.

Indicele de luminozitate L* a crescut comparativ cu valoa-
rea normala (diferenta dintre coloratia trunchiului vascular si
a maculei) (Figura 1). Astfel, valoarea medie a L* la pacientii
cu diabet zaharat a fost de 2,71 ori mai mare (p<0,05) decat
in grupul de control (persoane practic sanitoase). In acelasi
timp, valoarea indicelui a* a fost redusa de 3,8 ori, compara-
tiv cu cea de control (p<0,05); indicele b* al scalei CIELAB a
depasit indicele de control de 12,4 ori (p<0,05). Indexul inte-
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was justified by more stable state of hemoglobin to action of
free radicals at retinal tissue and presumably minimal deterio-
ration of hemoglobin color.

Hence, the aim of the present work was to evaluate the
principal possibility of the diagnostics of early stage of DR on
the basis of comparison of color characteristics of macular
zone with such one of arterial vessels trunks.

Material and methods

Were enrolled 20 practically healthy volunteers (the mean
age 33.2+3.5 years old) and 53 insulin-depended patients who
suffered from second type of diabetes (the mean age 30.6%3.3
years old).

All subjects provided written consent to research conduc-
tion. All investigations have been performed in accordance to
ethics demands of commission on ethics at Odessa National
Medical University (ONMedU Animal Care and Ethics Commit-
tee, 2008/84).

By selecting the control group, the following criteria were
adhered to:

(1) the intraocular pressure <21 mmHg;

(2) preserved acuity of vision;

(3) unaltered visual field;

(4)absence of eye diseases and neurological disorders.

For the diabetics, the criteria were as follows:

(1) the intraocular pressure less than 21 mmHg;

(2) correctable acuity of vision (more than 7/10);

(3) absence of signs of the proliferative retinopathy, which
was established by means of fluoroangiography [1];

(4)duration of diabetes was not less than 2.5 years.

Digital images of eye bottom are characterized by low con-
trast of structures and heterogeneous illumination being most
bright in the center of image [1, 3]. With the aim of diminish-
ing of mentioned aberrations we used the contrast-limited
adaptive histogram equalization (CLAHE) technology, which
proved to be effective for the increasing contrast of vessels of
eye bottom and permitted to increase the contrast by 1.7-3.0
times [3, 8].

Hence, all characteristics which have been gained in RGB
color scale were transferred into CIELAB scale in accordance
to worked algorithm [6, 7]. Later on the CIE scale permitted to
evaluate coordinates of lightness index L* a*and b*

Research results were statistically processed applying the
ANOVA method and the Newman-Keuls test.

Results

In accordance to ophthalmoscope examination, in 18 pa-
tients MA were not detected, while the rest of patients demon-
strated their presence.

The lightness index L* increased when compared with the
normal value (the difference between vessel trunk and macula
color) (Figure 1). Thus, average value of L* in diabetic patients
exceeded such one in the control group (practically healthy
persons) by 2.71 times (p<0.05). At the same time, value of a*
index was reduced by 3.8 times when compared with control
one (p<0.05); b* index of CIELAB scale exceeded such one in
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Fig. 1 Scala CIELAB la pacientii cu diabet zaharat.
Note: ordonata - diferenta dintre macula si trunchiul arterial (unitati relative); abscisa - indicii scarii CIELAB. Datele sunt prezentate drept
medie si deviatie standard. # - p<0,05, comparativ cu datele din grupul de control. Statistica: testul ANOVA si Newman-Keuls.

Fig. 1 CIELAB scale data in patients suffered from diabetes.
Notes: ordinate - difference between macular and arterial trunk (relative units); abscissa - indices of CIELAB scale. Data are presented as mean
and standard deviation. # - p<0.05 in comparison with the data in control group. Statistics: ANOVA and Newman-Keuls test.

grat al diferentei de culoare (AE) a depasit valoarea de control
de 2,87 ori (p<0,05) (Figura 1).

Prin urmare, datele obtinute sunt in favoarea ipotezei
luminozitatii crescute in zona maculara la pacientii cu diabet
zaharat si acest efect este datorat diminuarii culorilor rosii
si albastre, asociata cu cresterea culorilor verzi si galbene. In
acelasi timp, se observa cresterea diferentei integrale de cu-
loare, comparativ cu datele de control.

Investigarea fundului de ochi la pacientii cu diabet zaharat
la un an de la momentul inregistrarii diferentelor de culoare,
a evidentiat aparitia MA la 11 pacienti (Figura 2). Coeficientul
de corelatie ,r” dintre dinamica aspectului MA si valoarea AE

250

the control group by 12.4 times (p<0.05). The integrated index
on color difference (AE) exceeded control value by 2.87 times
(p<0.05) (Figure 1).

Hence, gained data are in favor for the increased lightness
in macular zone in patients with diabetes, and such effect is
developed on behalf of diminution of red and blue colors along
with rising of green and yellow colors. The increasing of in-
tegral color difference in comparison with the control data is
observed at the same time.

Investigation of eye bottom of patients with diabetes in
one year from the moment of color differences investigations
revealed the appearance of MA in 11 patients (Figure 2). Coef-
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Fig. 2 Corelatia dintre diferenta integrala de culoare (AE) si timpul de aparitie a MA la pacientii cu diabet zaharat tip 2.
Note: Ordonata - AE (unitati relative), abscisa - timpul din momentul diagnosticarii diferentelor de culoare (luni).
Marcaje: (romburi) - pacienti cu MA nou-aparut. Trendul de regresie este prezentat prin linia descendenta.

Fig. 2 Correlation between integral color difference (AE) and time of appearance of MA in patients with second type of diabetes.
Notes: ordinate - AE (relative units), abscissa - time from the moment of diagnostics of color differences (months).
Marks (rhombs) - patients with newly appeared MA. Regression trend is presented as declined line.



a fost -0,56 (p<0,05). in mod corespunzitor, diferentele mai
pronuntate ale AE au fost urmate de o perioada mai scurta
pana la aparitia MA.

Discutii

Astfel, datele obtinute sunt in favoarea semnificatiei in-
formative a diferentei culorii dintre zona maculara si vase
(trunchiul arterial), drept indicator de diagnostic pentru RD.
De asemenea, s-au obtinut dovezi referitor la pierderea pig-
mentului I1n zona maculara, indusa de diabetul zaharat, care
corespund cu datele altor autori [9, 10].

Astfel, datele noastre au aratat ca reducerea indicelui a* al
scarii CIELAB este in favoarea cresterii contributiei canalului
verde, in timp ce contributia canalului rosu a fost redusa. in
acelasi timp, se presupune ca o contributie sporita a canalului
galben, cu scaderea reciproca a contributiei canalului albas-
tru, se datoreaza cresterii indicelui b* [8, 11]. Avand in vedere
ca modelul de absorbtie al retinei colorate [3] pledeaza pen-
tru o semnificatie mai mare a culorii albastre drept marker al
melaninei, reducerea Inregistrata a contributiei culorii albas-
tre a subliniat rolul nelnsemnat al melaninei in determinarea
coloratiei retinei la pacientii cu diabet. Intre timp, sciderea
stabilita a contributiei canalelor rosii sustine scaderea rolu-
lui melaninei in determinarea coloratiei retinei. Modificarile
mentionate sunt in corelatie buna cu capacitatea radicalilor li-
beri de a sterge culoarea pigmentilor - efect care se manifesta
prin modificari spectrale caracteristice [5].

Trebuie de subliniat faptul ca aparitia MA, ca semne prima-
re si robuste ale RD [1-3], ar putea fi rezultatul unei dezvoltari
mai profunde a procesului patologic, cu degenerarea pericite-
lor din cauza actiunii citotoxice a radicalilor liberi. Modificari-
le de culoare constatate au fost observate mai devreme decat
aparitia MA si merita atentie pentru o cercetare suplimentara
in calitate de prima manifestare sugestiva de RD.

Concluzii

1) Diagnosticul eficient al pierderii pigmentului in zona ma-
culara este posibil pe baza comparatiei caracteristicilor
culorii zonei maculare si a trunchiurilor arteriale vecine
pe scala CIELAB.

2) Pacientii caresufera de RD prezinta cresterealuminozitatii
zonei maculare in banda galben-verde si scaderea aceste-
ia In cea rosie.

3) Deteriordrile constatate ale coloratiei structurilor fun-
dului de ochi au prezis aparitia MA, fiind cei mai fiabili
markeri pentru dezvoltarea RD (coeficientul de corelatie
r=-0,56).
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ficient of correlation “r” between dynamics of MA appearance
and value of AE was -0.56 (p<0.05). Correspondently, more
pronounced differences with AE were followed by shorter pe-
riod of MA appearance.

Discussion

Thus, gained data are in favor for the informative signifi-
cance of the color difference between macular zone and ves-
sels (arterial trunk) as a diagnostic index for DR. Also gained
data points on the diabetes-induced loosing of pigment in
macular zone, which is in correspondence with other authors
data [9, 10].

Thus, our datarevealed thatreduction of a*index of CIELAB
scale is in favor for the increasing of green channel contribu-
tion while the contribution of red channel was reduced. At the
same time the increased contribution from yellow channel
with reciprocal decrease of contribution from blue channel is
supposed as a result of increase of b*index [8, 11]. Taking into
consideration that absorption model of colored retina [3] is in
favor for greater significance of blue color as a melanin mark-
er, the registered reduction of blue color contribution stressed
the reduced role of melanin in retina color determination in
patients with diabetes. Meanwhile, established decrease of
red channel contribution supports the decreased role of mela-
nin in retina color determination. Mentioned changes are in
good correlation with the ability of pigments to be washed out
from their color by free radicals - effect which is manifested in
characteristic spectral changes [5].

It should be stressed that appearance of MA, as first and
robust signs of DR [1-3], might be the result of more deep de-
velopment of pathological process with degeneration of peri-
cytes due to free radicals cytotoxic action. Observed changes of
color are observed earlier than MA appearance, and deserves
attention for further estimation as first indicative manifesta-
tion of DR.

Conclusions

1) The effective diagnostics on the loosing of pigment in
macular zone is possible to perform on the basis of com-
parison of color characteristics in CIELAB scale of macu-
lar zone and neighboring arterial trunks.

2) Patients suffered from DR displays the raise of the light-
ness in the macular zone in green-yellow bandwidth
along with the decreasing it in the red one.

3) Established deteriorations of color of eye bottom struc-
tures predicted the appearance of MA as most reliable
markers for DR development (correlation coefficient r=-
0.56).
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