Contrast Sensitivity and Optical Cohe-
rence Tomography Examinations in Ado-
lescent Patients with Diabetes Type | Pre-
retinopathy (A Pilot Study)

SUMMARY

Aim: To evaluate the development of retinal changes in adolescent patients with dia-
betes type | (T1DM) with disease’s duration more than 10 years, which started before 5
years of age.

Methods: The development of the findings on the posterior pole was followed up. The
retinal functions were established by means of contrast sensitivity in four space frequen-
cies: 3 cycles/degree (c/deg) (perimacular area), 6 c/deg and 12 c/deg (macular area),
and, finally, 18 c/deg (foveola). The central retinal thickness, average retinal thickness
of the specified quadrant of macular area, the foveolar depth of its own, and the volume
of the perimacular area (perimacular cube volume) were measured by means of optical
coherent tomography (OCT).

Material: Altogether 20 patients with diabetes type | meeting the set criteria were exami-
ned, and their findings were compared with control group of healthy adolescent people.
The values from the control group were used as our normative database.

Results: On the retina, there were found, during the disease’s course lasting in
average 13.3 years, changes of the macular area, especially tortuosity of macular final
capillaries and pigmentation with disappearing of foveolar reflex, which, in 20 %, were
followed by sporadic hard exsudates of the retina. Difference of the decreased values
in adolescent patients, comparing to the control group, was recorded in contrast sensi-
tivity in space frequencies of 3 c/deg (p 0.047) and 12 c/deg (p 0,0497), but statistically
significant was the difference in space frequencies of 6 c/deg (p 0.0001) and 18 c/deg
(p 0.0001). Using the OCT, no statistically significant difference was found in the central
retinal thickness, but the values of foveolar depth in patients with diabetes type | were va-
riable (p 0.0153); in four eyes it was much deeper, and in other four of them it was much
shallower. Furthermore, there was higher the average thickness of the retina (p 0.0008)
and the volume of the perimacular area (perimacular cube) (p 0,0001).

Conclusion: The findings in eight eyes out of five patients with T1DM were evaluated as
diabetic preretinopathy — pre-stage of beginning stage of diabetic retinopathy in central
area of the retina from the functional and structural point of view of current pathological
changes of contrast sensitivity and OCT. The findings of other three patients were ra-
ted as diabetic preretinopathy according to sporadic hard exsudates of the retina and
OCT changes, but. until now, without contrast sensitivity changes. The one-year profile
of glycated hemoglobin (HbA1c) was higher in patients with diabetic preretinopathy than
without the eye involvement, but it was not statistically significant (p 0,0314).

Key words: Contrast sensitivity (CS), Spectral Domain Optic Coherence Tomo-
graphy (SD-OCT), diabetes mellitus type | (T1DM), diabetic preretinopathy (DpR),
glycated hemoglobin (HbA1c)
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of effective, systematic programmes

INTRODUCTION

The Liverpool declaration of EASDec
(European Association for the Study
of Diabetic Eye Complication) in 2005
set as its target a reduction of the risk
of deterioration of vision as a conse-
quence of diabetic retinopathy within
6 years, through the implementation

of eye screening in patients with dia-
betes mellitus (31). Throughout Euro-
pe a total of 29 311 new patients with
DM up to the age of 15 years were
registered in the period of 1989-2003
in 17 countries, including the Czech
Republic. The prevalence at this age
presupposes an increase from 94 000
in 2005 to 160 000 in 2020 (9). The
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twenty year register of children with
DM 1 in the Czech Republic over a
period of twenty years (1989-2009)
demonstrated a halting of the acce-
leration of the incidence of this me-
tabolic disorder. Following a 15% in-
crease in the period 1996-2001 there
followed a stagnation in the number
of newly diagnosed diabetic children
in the period 2002-2009. A total of 5
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155 new paediatric patients with DM
were diagnosed over the course of the
twenty year observation out of a child
population of 1.76 million (3). In 2009
a total of 783 321 diabetic patients of
both types of the disorder were regis-
tered in the Czech Republic, which re-
presents approx. 8% of the population
(26). From this there ensues a soci-
ety-wide significance of the necessity
of introducing screening programmes
for prevention, as well as the availa-
bility of modern technologies in the
treatment of diabetic retinopathy also
within our region. The aim of our pi-
lot study was to assess the functional
and structural changes of the retina
and to compare them with the finding
on the ocular fundus, when visual acu-
ity was within the norm also following
applicable additional correction of the
refractive error, at a time when no inci-
pient changes of diabetic retinopathy
were detected in the central region of
the retina in the group of adolescent
patients with DM 1.

METHOD OF FUNCTIONAL-
-STRUCTURAL EXAMINATION

Contrast sensitivity is a functional
examination which is better at detecti-
ng the condition of the visual analyser
than examination of visual acuity. It
provides information about the quality
of processing of the given optical sti-
mulus within different spatial frequen-
cies sent from the photoreceptor cells
of the retina to the visual centre in the
cerebral cortex. A total of 4 spatial fre-
quencies were used: 3 cycles on one
angular degree (c/deg) evaluating the
perimacular region, also the macular
region using 6 c/deg, 12 c/deg and fi-
nally a frequency of 18 c/deg, which
corresponds to the foveola.

Optical coherence tomography is
an analogy of a B-scan ultrasound
examination, with the difference that
instead of acoustic reflectivity, optical
reflectivity is used. The principle is
low-coherence interferometry, which
measures the distance of various
structures inside the tissue with high
sensitivity to the light signal reflected
from the structures of the eye. SD-
-OCT (spectral-domain optical cohe-
rence tomography) represents a me-
thod of three-dimensional evaluation
of the structures of the retina and the
choroid. The parameters measured
by SD-OCT included central retinal
thickness, average retinal thickness
within a specified quadrant of the ma-
cular region with an edge of 6 mm,

its difference as depth of the actual
foveola and the cubic volume of the
perimacular cube within a specified
quadrant of 36 mm2.

Our own cohort

Within the framework of outpatient
observation of patients at the 1st in-
ternal clinic and the Paediatric and
Youth Clinic at the Kralovské Vinohra-
dy University Hospital, as of 1 January
2013 we included a total of 172 pati-
ents with DM 1, with the duration of
the disorder persisting for more than
10 years. Of this number there were
23 adolescents at the Paediatric and
Youth Clinic aged up to 18 years who
we had observed since the beginning
of their metabolic disorder with regard
to endocrinology and ophthalmolo-
gy. Two patients were excluded from
this number due to a primary ocular
disease: unilateral microphthalmos
and bilateral congenital nuclear ca-
taract, together with a patient with a
monogenic form of diabetes. Within
the framework of the complex dia-
gnostic approach, we first of all de-
termined visual acuity with applicable
optimal correction for an examination
of contrast sensitivity using CSV 1000
(Vector Vision). In cycloplegia we eva-
luated the anterior segment of the eye
on a slit lamp from the perspective of
changes in the lenses. We conduc-
ted a stereoscopic examination of the
ocular fundus by means of indirect
ophthalmoscopy, using 90 and 66 D
lenses, and supplemented this with an
assessment of the macular region by
means of a classic ophthalmoscope.
For photo documentation of the cen-
tral region we used an FF450 plus IR
(Carl Zeiss) digital camera with suffi-
cient resolution, e.g. of hard scattered
deposits. Refraction was determined
and spectral optical coherence tomo-
graphy was conducted by means of
Cirrus OCT (Carl Zeiss).

Our own examination of the group of
20 patients, which comprised 17 girls
and 3 boys with DM 1, took place wi-
thin the framework of regular checks
over the period from November 2012
to July 2013, always in both eyes. The
age of the patients at this complex
examination ranged from 12.8 years
to 18.4 years (median 16.4 years).
DM 1 was diagnosed between the
ages of 1.4 years to 4.7 years (me-
dian 3.1 years), thus before reaching
the age of 5 years. The period of du-
ration of DM 1 at the time of the ocular
examination ranged from 10.1 years

to 14.8 years (median 13.3 years).
Theprecise time data about the indi-
vidual patients, i.e. detection of the
incidence of DM 1 and its duration, is
presented in table 1. Of the metabolic
parameters we observed the current
value of HbA1c at the time of the com-
plex ocular examination and its profile
during the course of the last years of
treatment of DM 1 before the ocular
examination (table 1).

The control group comprised ado-
lescents of the same sex representa-
tion and similar age composition from
13.2 to 18.1 years (median 16.8 years),
who we examined as outpatients for
non-ophthalmological diagnosis and
whose general condition did not de-
monstrate any affliction in terms of me-
tabolism, endocrinology or neurology
(table 2). This concerned conditions of
neurologically unexplained cephalea in
50% of cases and collapse or fainting
in 40%. There was a secondary finding
of asthenopic complaints (considered
to constitute allergy due to lacrimation)
and in some cases of headaches there
was as yet uncorrected myopia in 20%.
We examined visual acuity, the anterior
segment of the eye and CS. In cyclople-
gia the examination was analogously
supplemented with SD-OCT, determi-
nation of refraction and examination of
the fundus with photo documentation.
A condition for inclusion in the control
group was visual acuity of 1.2 naturally
or 1.0 with correction and physiological
intraocular finding in the anterior and
posterior segment of the eye.

RESULTS

From the beginning up to five years of
observation of the ocular fundus, we
observed isolated increased dilation
and tortuosity of the end capillaries.
Within the range from the 6th to the
10th year (within average thirteen
year observation), capillary changes
practically reached absolute values
in 95% in almost half of the patients.
Further ophthalmoscopic sympto-
matology included a change of the
sketching of the actual foveolar and
macular region after five years of du-
ration of DM 1 in the form of increased
irregular pigmentations. We detected
a subsequent change of the sketching
o the macula in the form of irregular
foveolar reflex up to its disappearan-
ce, with relative thickening of the reti-
na without manifest macular edema in
10% of patients. Another finding was
hard scattered deposits of exudates
in 20%, specified in detail in table 1.
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Table 1 Relationship of CS and SD-OCT to incidence and duration of DM 1 (ocular finding: T — tortuosity of capillaries, M — Ma-

cula: increased pigmentation of macula, F — Foveola: loss of reflex, HE (Hard Exudates) — hard scattered deposits, values of

HbA1c (mmol/mol according to IFCC).
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Table 2 Norm of CS and SD-OCT values.
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We did not record an occurrence of
ophthalmoscopic evident haemorr-
hages or microaneurysms in any of
the patients. Table 1 also presents
the findings in the lenses (presence
of accentuated posterior “Y” suture,
posterior subcapsular dissociation
evaluated as 1st degree of changes,
in the case of simultaneously present
anterior and posterior dissociation as
2nd degree of changes), and the re-
lationship of refraction to vision of the
patients. A fundamental observation
was the records of the results of the
individual patients within the area of
CS and SD-OCT examination (table
1). Table 2 presents the results of the
CS and SD-OCT measurements on
the control group. Finally table 2 pre-
sents the summary average values of
the individual CS and SD-OCT me-
asurements of both group with stan-
dard deviations and a mutual relation-
ship of the results of both groups with
the level of significance, which was
calculated using a two-sample T-test.
In the CS examination we determined
a borderline significant difference be-
tween the control group and the group
of patients with DM 1 for 3 c/deg (p
0.047) and 12 c/deg (p 0.0497). In the
other two measured quantities, the
values differed by a decline of detec-
ted sensitivity on a fundamental level
of significance (p 0.0001), in both 6 c/
deg and 18 c/deg.

In the SD-OCT examination we did
not determine a significant difference
between the groups in terms of central
retinal thickness (p 0.9614), the other
values differed with varying statistical
significance, least in depth of foveo-

CSV-1000 Contrast sensitivity (C(F)
log

Norm © &2

Patient — 5 - 1
0)

3 6 2 18

Spatial frequency (c/deg)

Fig. 1 Patient no. 5. Photo of fundus in right eye, CS: reduction 3 c/deg, SD-OCT:
depth of foveola and volume of perimacular cube within norm.

la (p 0.0153), more fundamentally in
average retinal thickness (p 0.0008).
We demonstrated a pronounced sta-
tistical difference in the volume of the
central part of the retina on a surface
of 36 mm2 (p 0.0001).

On the basis of these results, we deter-
mined pathological values for both exa-
minations. For CS this was a decline in
the ability to detect by one less target
than the average value in the control
group, at least in three frequencies in
one eye with simultaneous decline of
two frequencies also in the other eye
(essentially this always concerned fre-
quency of 3 c/deg). We recorded this

finding in 6 patients. For SD-OCT an
increase in the content of the examined
volume above the average value of the
control group, with allowance for the
standard deviation always counted as a
pathological value. This finding was de-
tected in 21 eyes. At the same time they
were accompanied by increased values
of average retinal thickness in 20 eyes.
These values were manifested in a re-
lative deepening of the foveola (fig. 2) in
4 eyes (patients no. 1, 2), or conversely
its softening (fig. 3) also in 4 eyes (pati-
ents no. 6, 15). Altogether we recorded
the above-stated pathological changes
on CS and SD-OCT in 8 eyes (20%) of

Table 3 Statistical values of CS, SD-OCT and also HbA1c (mmol/mol according to IFCC).

Patients with DM 1

Average
value
CS (number of targets)
3 c/deg 6.1
6 c/deg 6.7
12 c/deg 6.9
18 c/deg 6.6
SD-OCT (um)
Central thickness 249.4
Average thickness 289.4
Depth of foveola 38.8
Volume of retina (mm3) 10.4

HbA1c

Average

value
Current value 82.25
Year-round value 81.35

Patients with DpR

Control group T-test Result
Standard Average Standard  Two-sample Value
deviation value deviation
0.3 6.4 0.4 p 0.047 (differs)
0.5 71 0.3 p 0.0001 differs
0.5 71 0.5 p 0.0497 (differs)
0.5 7.2 0.6 p 0.0001 differs
15.7 249.5 16.2 p 0.9614 does not differ
12.1 279.8 12.2 p 0.0008 differs
10.8 31.9 13.7 p 0.0153 differs
0.5 9.9 0.4 p 0.0001 differs
Patients without DpR
Standard Average Standard
deviation value deviation
201 76.3 11.9 p 0.4908 does not differ
17.7 182 8.4 p 0.3014 does not differ
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five patients, as functional and structu-
ral changes conditioning the diagnosis
of preretinopathy (DpR) DM 1, in con-
trast with physiological findings (fig. 1)
upon examination by CS and SD-OCT
in 12 eyes (30%). In half of the exa-
mined eyes we demonstrated certain
non-specific changes, but also more
serious findings, primarily the incidence
of hard scattered exudates (patients 6,
13, 17, 20). Pathological changes were
also found on SD-OCT in the first three
patients of this sub-group, whereas at
the time of examination CS was within
the norm. It was also possible to classify
this finding into the group of DpR wit-
hout functional changes. We classified
the last stated patient (no. 20) amongst
preretinopathy on the basis of patholo-
gical values of CS.

At the time of current examination,
the value of HbA1c in the patients we
observed with DM 1 was within the
range from 55 to 125 mmol/mol (7.2%
to 13.6% according to DCCT), and the
average one year profile curve sho-
wed values between 55.5 and 114.7
mmol/mol (7.2% to 12.6% according
to DCCT). The values of the individual
patients are presented in table 1. We
conducted a comparison of the HbA1c
values in the patients with signs of func-
tional-structural DpR and an accompa-
nying finding of hard scattered depo-
sits, i.e. in eight of the above patients
together with twelve observed without
symptoms of DpR. Both values (current
examination and year-round profile)
were higher in the patients with DpR in
comparison with the group of patients
without these symptoms. Nevertheless,
the average values and standard devia-
tions were without any statistically signi-
ficant difference (table 3).

DISCUSSION

Upon detection of incipient changes,
the basis used is the pathophysiology
of diabetic changes. The first demon-
strable sign of diabetic retinopathy is
a breakdown of the hemato-ocular ba-
rrier, which can be assessed e.g. by
fluorophotometry. This theory refers
to an oxidation stress accompanying
hyperglycaemia, in which the resulting
pseudohypoxia may breach the cellular
membrane of the vascular endothelium,
or refers to damage to the pericytes due
to a paradoxical glucose deficiency,
which leads to their apoptosis (30).

Our group of patients was designated
if possible by the lowest age of the on-
set of the metabolic disorder, maximally
up to the age when spatial vision is still
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Fig. 2 Patient no. 2. Photo of fundus in right eye, CS: reduction 3, 6, 18 c/deg, SD-
-OCT: deepening of foveola and volume of perimacular cube increased.
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Fig. 3 Patient no. 15. Photo of fundus in right eye, CS: reduction 3, 12, 18 c/deg,
SD-OCT: softening of foveola and volume of perimacular cube increased.

becoming fixed and the development
of sight is still malleable. The period of
duration was set at above ten years, in
which incipient changes of the sketch of
the retina in the central region had alrea-
dy been regularly detected (18, 20). The
first functional abnormalities included
defective function of the amacrine and
bipolar cells of the photoreceptors, which
precedes the onset of diabetic retino-
pathy (31). A basis forms for a pathologi-
cal response upon electro-physiological

examinations, as well as a reduction of
CS. In diabetics without diabetic retino-
pathy, a decrease in the amplitude of
visually evoked potentials was recorded,
together with a reduction of CS (23) or
abnormalities before the onset of retino-
pathy with normal visual acuity (24). CS
has been used for screening changes
for a quarter of a century (10, 29). A re-
duction of CS has been recorded in the
case of DM 1 without manifestations of
diabetic retinopathy only in certain spa-
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tial frequencies (10, 14, 18, 20, 29, 33,
35, 36), whereas in the case of diabetic
retinopathy changes of CS have been
markedly abnormal. A significant de-
pendency of the decrease of CS on an
increase of HbA1c has been found (18,
20, 29, 36), though this fact has not been
confirmed by other authors (10, 35). We
took observation of the decrease in the
ability to detect individual targets for pre-
vious studies of IGA as the basis of our
evaluation of CS (22). The value of the
decrease in sensitivity by at least two
targets attested to DpR, whereas a dec-
rease of four targets or more was more
typical of DR (20, 22). We have already
demonstrated previously that incipient
changes in the transparency of lenses
in the anterior and posterior subcapsu-
lar layer, detectable using a Schemipflug
camera (Pentacam) have no fundamen-
tal influence on CS (21).

OCT has been used regularly for
over ten years in order to assess the
thickness of the macular region in the
case of cystoids macular edema for
evaluation of the frequency of chan-
ges (17) and also for correlation of
therapy (13). Assessment of the actual
thickness of the foveola has demon-
strated a significant difference between
the healthy population and patients with
proliferative and non-proliferative form
of retinopathy using a Zeiss-Humphrey
instrument (28). Further research in re-
cent years has not demonstrated diffe-
rences of central thickness in the region
of the foveola between the healthy po-
pulation and patients with diabetes wit-
hout signs of diabetic retinopathy (7, 11,
14), but a difference between a control
group without DM 1 and non-prolifera-
tive form of retinopathy has been repe-
atedly confirmed (17, 24).

In our own observation we did not find
a significant difference in the central
thickness of the retina between the
control group and the group of pati-
ents with DM1. We included a further
parameter in the evaluation, name-
ly the actual depth of the foveola,
which ensues from the difference be-
tween central thickness and average
thickness of the retina in the observed
perimacular cube, and this helped
specify their mutual relationship. This
value appeared in an evaluation of
the foveolar region in achromato-
psia, where deepening of the foveola
occurred on a basis of degeneration
of the photoreceptors with a progre-
ssive character (34), which could also
be manifested within the framework
of further neuro-degenerations. Mo-
dern SD-OCT instruments working

on the principle of three-dimensional
patterns have enabled better detec-
tion of the construction of the actual
retina and its individual layers, which
has led to the consideration that this
represents neuro-degenerative chan-
ges in the early stages of diabetes
(1, 6, 37, 38). A thinning of the inter-
nal retinal layers has been recorded
(37, 38), as well as a thickening of the
plexiform and nuclear layer, whilst at
the same time specific changes have
been described in the layer of the gan-
glion cells (38). In our study we did not
conduct an evaluation of the individual
layers of the retina, because we did
not have special software available.
There are differences in the results in
the evaluation of the thickness of the
retinal layers between contemporary
modern instruments, which upon an
incorrect correlation may lead to an
erroneous interpretation (2). For each
study it is necessary to use the same
instrument, stipulate own norms wi-
thin the ratio to the healthy populati-
on, and the examination should not be
conducted by more than one person.

Another diagnostic procedure in the
evaluation of the development of re-
tinopathy and other changes is fluo-
rescence angiography, which assists
in the indication of applicable laser
treatment (30). In our group of ado-
lescent patients we did not perform
this, since the clinical picture of the
vascular preretinopathic changes did
not constitute a reason for a complex
examination. We had already demon-
strated clear ophthalmoscopic dilation
and tortuosity of the end capillaries,
including this contrast examination
(19) in the last study using a digital
camera. The previous procedure of
examination using a mechanically
controlled camera with a 15 degree vi-
sual field and coarse grain RS2 X-ray
films was capable of demonstrating
also the fine proportionate content of
the capillaries, e.g. the heads of the
optic nerve (12), which is difficult for
the method of digital technology.

An analysis of the metabolic observa-
tion using HbA1c, primarily in its one-
-year profile, demonstrated higher
values in the case of DpR than in indi-
viduals with DM 1 even without these
functional-structural changes. In our
entire study cohort, decompensation
of DM 1 had an influence on higher
values of HbA1c from the average in
two patients during the course of the
last year of observation. On the other
hand, both patients had a pronounced
ophthalmoscopic finding as against

the physiological interface, which was
a manifestation also of their year-round
profile of pathological values of HbA1c.
Compensation of diabetes evaluated by
the level of HbA1c can be considered
optimal at a value of up to 58 mmol/mol
(7.5% according to DCCT), suboptimal
up to 75 mmol/mol (9% according to
DCCT), and higher values are highly
risk-laden (27). This relationship is in
accordance with the assertion that the
long-term pathological values of HbA1c
have an influence on the development
not only of diabetic retinopathy, but also
of diabetic macular edema (15, 16).
With regard to compensation of DM
1, puberty represents a significant risk
factor. A role in this is played by both
biological factors (increase of insulin
resistance) and psycho-social factors
(worsened compliance with treatment)
(4, 25). As a result, compensation of
metabolic disorder is of fundamental
importance in the prevention of the de-
velopment of DR (32), which is substan-
tiated also by the last DCCT (Diabetes
Control and Complications Trial) (5) and
EDIC (Epidemiology of Diabetes Inter-
vention and Complications) (8) studies.

CONCLUSION

Using a complex diagnostic procedure,
which combined a functional exami-
nation of the retina using CS and an
evaluation of the structural changes of
the retina using SD-OCT, we defined
preretinopathy in the central region in
five observed adolescents with type 1
diabetes. Another three patients were
included in the group of DpR on the
basis of pathological SD-OCT values
with the presence of isolated hard sca-
ttered deposits. This pilot study was
originally intended as the initial com-
munication of the research project IGA
NT/14490, which was not accepted. In
future, in order to confirm our theory of
preretinopathic changes it shall be ne-
cessary to extend the study cohort with
further patients in other age groups, to
retrospectively supplement the period of
evaluation of HbA1c and include further
parameters of metabolic observation.
It is necessary to define the structural
changes in more detail, with manifesta-
tions in the individual retinal layers, also
with regard to the possible development
of diabetic macular edema.

Thanks to V. Mezerova from the Faculty
of Biomedical Engineering of the Czech
Technical University in Prague for per-
forming the statistical calculations.
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