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Abstract

Purpose. To summarize current evidence on the use of the
standardized CSV-1000E test for the assessment of contrast
sensitivity (CS) and functional vision in ophthalmic and neu-
ro-ophthalmic disorders, and to review its clinical utility, test-
retest reliability, limitations, and factors affecting test results.

Methods. A targeted review of contemporary literature
was conducted, with emphasis on publications from 2015 on-
wards and selected foundational studies from earlier years.
Data on the use of the test in glaucoma, amblyopia, cataract,
high myopia, after refractive procedures and intraocular lens
implantation were reviewed, together with evidence on the
clinical relevance of CS assessment in other ophthalmic and
neuro-ophthalmic conditions.
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Results. The CSV-1000E provides quantitative assessment
of CSat 3, 6, 12, and 18 cycles per degree. The test can detect
reduced CS despite relatively preserved visual acuity and can
be used to assess functional changes after cataract surgery
and refractive procedures. The test provides standardized il-
lumination and controlled testing conditions and can be used
both in clinical research and ophthalmic practice.

Conclusion. CSV-1000E is a standardized psychophysical
tool for the quantitative assessment of contrast sensitivity. It
complements conventional visual acuity testing and may be
useful for detecting and monitoring visual dysfunction.

Keywords: contrast sensitivity, functional vision, CSV-
1000E, quality of vision, photopic conditions, mesopic condi-
tions.

Pe3tome

Mema. Y3zacanvnumu cyuacui oami wooo 3acmMocy8aHHs
cmanoapmuzosarnozo mecmy CSV-1000E oas oyinku konmp-
acmuoi yymausocmi ma QyHKYIOHAIbHO2O 30py NPU 0Pmaib-
MONOSTYHUX [ HEUPOOPMANbMONOIUHUX CINAHAX, A MAKOXNC
NPOAHANIZY8amu 1020 KIIHIYHI MOJNCIUBOCMI, 8I0MBOPI8a-
Hicmb, 0OMedcenHs ma GaKxmopu, ujo 6NIUBaIOMs HA pe3yb-
mamu mecmy6aHHs.

Memoou. Ilposedeno yinbosuti 02nsid cyyacHoi nimepa-
mypu 3 akyenmom Ha nyonixayii 2015-2026 pp. ma oxpemi
dynoamenmanvni pobomu nonepednix pokis. Ilpoananisosa-
Ho 3acmocysanusi CSV-1000E npu enaykomi, ambnionii, ka-
mapaxkmi, UCOKIt MiOnii, nicis pepakyitinux empyuaHs ma
iMnaaumayii IHMpaoKyISAPHUX JIH3, A MAKONC OAHi oo Kili-
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HIYHO020 3HAYeHHs OYIHKU KOHMPACMHOI Yymaueocmi npu ix-
WUX OPMATLMONOSIUHUX [ HEUPOOPMATLMONOSIUHUX CIMAHAX.

Pesynomamu. CSV-1000E 3abe3neyye KinoKicHy OYiHKY
xowmpacmuoi uymaueocmi na 3, 6, 12 i 18 cpd. Tecm oae
3MO2Y BUABTAMU 3HUIICEHHA KOHMPACMHOI YYMAUGOCmi Ha-
6imb 3a 6IOHOCHO 30epediceHol cocmpomu 30py, @ MaKodic
oyiHto8amu (YHKYIOHANbHI 3MIHU nicaA XIpypeiuHux i pegh-
pakyitinux empyuanv. Tecm 3abe3neuye cmamoapmuzosa-
He NiOC8iuy8aHHs. MA KOHMPONLOBAHI YMOGU MeCTyEaAHHS
i Modce 3aCcmoco8y8amuch Yy KIHIYHUX OOCHIONCEHHAX ma
opmanbMonociuHit npakmuyi.

Introduction

Functional vision is an integral indicator of the efficacy
of the visual system which characterizes the visual task-re-
lated ability under real-world scenarios. The visual acuity
tested by conventional high-contrast Snellen’s test types
refers to the resolving power of the eye. Functional vision
is an established term recommended by the International
Council of Ophthalmology’s Resolution (Sydney, 2002) to
be used to describe a person’s ability to use vision in ac-
tivities of daily living. There is a distinction between the
two key entities that underpin an understanding of vision,
visual functions (such as visual acuity, visual field, color
perception and contrast sensitivity), which describe how
the eye functions and functional vision, which describes
how the person functions in vision-related activities. Co-
lenbrander [1, 2] drew on the International Classification
of Functioning, Disability and Health Framework (ICF), a
World Health Organization (WHO) framework, as a foun-
dation for these definitions.

Contrast Sensitivity Function (CSF) is a quantitative
characteristic, with the detection threshold depending not
only on the contrast level, but also on the spatial frequency
of the stimulus and the involved component of the visual
system (photopic/mesopic/scotopic; central/peripheral ret-
ina; P and M cellular pathways [3-7]).

Contrast sensitivity (CS) refers to the ability of the
visual system to detect differences in luminance between
objects and their background and depends on the optical
properties of the eye and retinal and visual pathway signal
processing [8]. Unlike standard high-contrast visual acuity
tests, CS tests can detect functional abnormalities that may
be not apparent on conventional visual acuity assessment.
CS reduction may be observed in early glaucoma, and be-
comes more apparent with increasing severity of visual
field defect [9-10]. Reduced CS may reflect a functional
loss in neovascular age-related macular degeneration
(AMD) even in the presence of a relatively well-preserved
best-corrected visual acuity (BCVA) [11]. CS abnormali-
ties have been reported in diabetes mellitus patients with
little or no retinopathy [12]. Moreover, CS changes have
been found in eyes with cataract and may be used for as-
sessing visual quality after intraocular lens (IOL) implan-
tation [13—14]. CS measurements in the clinical setting
require the use of standardized methods to enable repro-

Bucnoexku. CSV-1000E € cmanOapmusosanum ncuxo-
QizuuHUM THCMPYMEHMOM KINbKICHOI OYIHKU KOHMPACMHOT
YYMAUBOCTI, WO OONOBHIOE BUSHAYEHHS 20CMPOMU 30PY Ma
Modice BUKOPUCIOBYBAMUCS OISl BUAGNIEHHS | MOHIMOPUH2Y
@DYHKYIOHATLHUX 30POBUX NOPYUIEHD.

Kniouoei cnosa: xonmpacmua ywymaugicms, ynKyionansb-
nut 3ip, CSV-1000E, axicms 30py, pomoniuni ymosu, me3o-
NIYHI YMOGU.

ducible results. CSV-1000E provides quantitative CS as-
sessment at spatial frequencies of 3, 6, 12 and 18 cycles
per degree (cpd). Standardized testing conditions and il-
lumination control reduce the influence of external factors
on measurements results and allow the test to be used in
clinical studies and ophthalmological practice [15, 16].

The purpose of this review was to summarize current
evidence on the use of the standardized test CSV-1000E
for assessing CS and functional vision in ophthalmological
and neuro-ophthalmological disorders, and to review its
clinical utility, test-retest reliability, limitations and factors
affecting the results of the test.

Methods of literature search

A literature search was conducted in the PubMed/
MEDLINE, Scopus and Web of Science and was limited to
studies published from January 2015 to August 2026. Se-
lected foundational works published before 2015 were in-
cluded additionally based on the methodological context.
Boolean operators AND and OR were used in searching
to combine the search terms “contrast sensitivity”, “con-
trast sensitivity function”, “CSV-1000", “CSV-1000E”,

and “functional visiony, and the clinical key words “glau-

coma”, “amblyopia”, “cataract”, “age-related macular de-
generation”, “myopia”, “intraocular lens”, “refractive sur-
gery”, “traumatic brain injury” and “optic neuritis”.

Original studies included in major clinical analysis had
not only to assess CS using standardized methods, with
a primary focus on CSV-1000/CSV-1000E, but also to
provide sufficient descriptions of the tests protocol, char-
acteristices of the sample and results. Studies using other
standardized methods for assessing CS were included if
they provided values for either method-to-method com-
parison or assessing the clinical role of CS. Methodologi-
cal, fundamental, and review publications were included
separately to justify the principles of contrast sensitivity
assessment and result interpretation.

Inclusion criteria were original studies using standard-
ized methods of CS assessment; sufficient descriptions of
the test protocol, characteristices of the sample and results;
and publications in peer-reviewed journals that have avail-
able data sufficient for analysis.
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Exclusion criteria were studies that (a) used non-stan-
dardized or non-validated methods of CS assessment, (b)
failed to provide sufficient description of the study proto-
col, or (c) provided no relevant primary clinical data.

Pathophysiological aspects of contrast sensitivity

CS is an integral characteristic of the performance of
the optical and neurosensory systems and quantifies an
observer’s ability to detect the smallest (threshold) lumi-
nance difference between an object and its background at
different spatial frequencies of the stimulus [3, 4, 15-17].
Spatial frequency is measured in cpd and determines the
size of the repeated pattern of the image and how often
this pattern repeats per unit of distance or angle. It is also a
measure of how often sinusoidal components of the struc-
ture repeat per unit of distance.

Normal CS function is characterized by an inverted U-
shaped curve. The peak sensitivity usually occurs around
4-6 cycles/degree with a lower sensitivity for both higher
and lower spatial frequencies [6, 7].

This curve is formed due to a cumulative impact of op-
tical factors (diffraction, aberration and dispersion of light)
and neuronal processing of the image in the retina and cen-
tral visual system [8].

Disorders affecting optical quality or neurosensory
processing of the signal lead to a CSF change or CS dys-
function:

* Patients with glaucoma exhibited CS reduction at
various spatial frequencies, which became more apparent
with increasing severity of visual field defect [9—-10]

* Patients with AMD can exhibit CS reduction in the
middle-range spatial frequencies to high-range spatial fre-
quencies [11]

* Cataract causes a reduction in CS over the entire spa-
tial frequency range due to both light dispersion and a re-
duction in image modulation [3, 14]. CS assessment allows
to characterize visual quality after cataract surgery with
IOL implantation, complementing standard visual acuity
assessment. The CS values obtained after IOL implanta-
tion may depend on the design of IOL optics and testing
conditions [18]. CSV-1000E was used for CS assessment
after implantation of various types of multifocal IOLs and
an extended depth-of-focus (EDOF) IOL under photopic
and mesopic conditions with and without a glare source
[19-21]. Huang and colleagues [22] used CSV-1000E to
determine preoperative and postoperative CS at 3, 6, 12
and 18 cpd in patients receiving microincision cataract sur-
gery (MICS) with implantation of an aspheric monofocal
IOL. CS was significantly higher at every postoperative
time point than preoperatively (P < 0.001), and remained
stable for up to 1 year postoperatively

* Patients with amblyopia can exhibit CS reduction
even in the presence of a relatively high BCVA, with the
pattern of CS abnormality depending on the clinical vari-
ant of the disease [23-26]

* Patients with multiple sclerosis exhibited visual func-
tion abnormalities associated with retinal structural chang-

es, particulatly, retinal nerve fiber layer (RNFL) thinning
and other neurodegenerative symptoms [27-30]

+ Patients with idiopathic intracranial hypertension
exhibited deficits in central and peripheral CS, which im-
proved after treatment [31]

* The CSV-1000E demonstrated a certain consistency
with other methods of CS assessment, but the results ob-
tained with different CS tests cannot be considered directly
interchangeable [16, 32]

+ Patients with optic neuritis exhibited a substantial re-
duction in spatial CS [33]

* Patients with compressive lesions of the anterior vi-
sual pathway showed loss of CS over the whole range of
spatial frequencies. After surgery, CS improved, but sig-
nificant contrast deficits remained [34].

[lumination exerts a substantial impact on CS; a transi-
tion from photopic to mesopic illumination can result in a
decrease in CS, especially at high spatial frequencies [35].

Therefore, CS is a sensitive parameter that reflects
both the optic status and neurosensory status of the visual
system, and CS assessment allows detecting subclinical
changes that cannot be detected by standard visual acuity
tests.

Contrast sensitivity measurement methodology

CS measurement allows quantitative assessment of the
capacity of the visual system to discriminate low-contrast
stimuli at various spatial frequencies [1, 3].

Several standardized methods (e.g., CSV-1000E,
VCTS-6500, and FACT) and modern digital platforms are
available for CS measurements in clinical practice [16, 32,
36-39].

Comparative studies of the sensitivity of CS methods
under simulated conditions of impaired vision (60 healthy
volunteers; CSV-1000E vs. quick CSF) showed lower re-
producibility and more outliers for the CSV-1000E com-
pared to quick CSF [36]. Spatial CS tests are based on
the use of sine-wave gratings with a controlled contrast
reduction at various spatial frequencies. The CSV-1000E
(Vector Vision, Dayton, OH, USA) device is commonly
used to evaluate CSF, and is automatically calibrated to as-
sure 85 cd/m2 luminance for photopic conditions. Neutral
density filters are placed in front of the eye to reduce the
luminance level at the chart from 85 cd/m2 to about 3 cd/
m2 for patients testing under mesopic conditions.

A few studies measured CS under scotopic conditions
using dark-adaptation testing [35, 40]. Such testing en-
ables assessing visual functions under conditions that dif-
fer from those of standard photopic testing.

A few studies measured CS under conditions of low
illumination and glare. They compared scotopic and meso-
pic CS with glare between pseudophakic and phakic eyes
[40], mesopic CS in the presence versus the absence of
glare [41], and effects of varying levels of glare on CS
measurements under photopic and mesopic vision [42].
Mesopic disability glare was assessed in patients with ini-
tial bilateral lens opacification [43]. Such protocols allow
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assessing specific visual quality aspects that may be in-
sufficiently reflected during CS testing performed under
photopic conditions.

Technical and clinical characteristics of CSV-1000E
are presented in Table 1.

Because the results of CS measurements with CSV-
1000E may vary from test to retest [15, 44], it is important
to maintain the standardized conditions (testing light lev-
els and distance) and adhere to the test procedure over the
course of longitudinal observation.

Using CSV-1000E in the clinical setting

CSV-1000E has been used for assessing CS in several
eye disorders. Studies have demonstrated that glaucoma
(particularly, primary open-angle glaucoma (POAG)) may
cause a reduction in CS at various spatial frequencies de-
spite near-normal visual acuity [9, 10]. In a study by Kim
and colleagues [9], POAG patients did not show signifi-
cant differences in visual acuity scores and contrast test
scores (for a CSV-1000E contrast test), expressed as black
and white symbols, according to three different light sys-
tems with different color-rendering index.

Patients with amblyopia can exhibit CS reduction even
in the presence of a relatively high BCVA, with the pat-
tern of CS abnormality depending on the clinical variant
of the disease [23-26]. Jia and colleagues [23] found that
CS remained worse in the amblyopic eye, with the largest
and statistically significant differences occurring at high-
er spatial frequencies, even after treatment for refractive
amblyopia. This likely reflected incomplete neurosensory

adaptation. Similar differences in CS in anisometropic am-
blyopia were found with the use of other psychophysical
CS tests by Mohammadi and colleagues [26]. Other psy-
chophysical characteristics may have additional value for
the comprehensive assessment of functional vision. For
example, a study by Kolomiets and colleagues [46] dem-
onstrated peculiarities of vernier monocular and binocular
visual acuity in patients with hypermetropic astigmatism,
which underscores the multicomponent nature of visual
function assessment.

CS assessment is used to characterize postoperative
visual quality after cataract surgery, providing a useful
adjunct to standard visual acuity assessment. Eppig and
colleagues [47] used the index of contrast sensitivity (ICS)
for comparing functional outcomes between pseudophakic
eyes implanted with different IOL designs. CSV-1000E
was used for assessing CS after implanting various IOL
types and after cataract surgery [19-22].

Decreased CS in AMD may reflect functional abnormal-
ities that are not completely characterized by conventional
visual acuity testing. Rossouw and colleagues [11] found
that, in patients with bilateral neovascular AMD, the Pelli-
Robson CS in the better eye was closely correlated with
vision-related quality of life [11]. At the same time, these
results characterize the clinical utility of assessing CS in
AMD and cannot be directly extrapolated to the CSV-
1000E test.

Decreased CS is also associated with high myopia,
especially in the presence of vitreal and retinal changes.
Zhao and colleagues [48] found decreased mesopic CS in

Table 1. Technical and clinical characteristics of the CSV-1000E test based on the data from published studies [15, 16, 32,

44, 45]
Parameter Characteristic
Stimulus type Sine gratings
Spatial frequencies (cpd) 3,6,12,18
Number of contrast levels per 8

spatial frequency

Luminance source

Automatically calibrated to 85 cd/m?

Testing conditions

Photopic testing (85 cd/m?); mesopic testing (=3 cd/m?) is possible with the use of
special mesopic (neutral density) filters

Test distance

2.5 m (recommended); adaptation for near vision if required

Test duration 2—4 minutes

Standardization

Backlit light level is automatically calibrated; standardization of testing conditions

Test-retest reliability

Variable; depends on the spatial frequency and standardization of testing conditions

Major clinical applications

Glaucoma, amblyopia, cataract and IOL, high myopia; research in other
ophthalmological and neuro-ophthalmological disorders

Advantages

Standardized testing conditions, contrast sensitivity assessment at the four spatial
frequencies, and a short test duration

Disadvantages

Variability in test-retest data, dependence of test results on testing conditions and patient
responses, a limited number of spatial frequencies and the need for special equipment
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patients with partial posterior vitreous detachment, most
likely due to impaired light transmission and increased
dispersion in the changed vitreous.

Tasaki and colleagues demonstrated CS deterioration
in eyes with epiphora due to lacrimal passage obstruc-
tion, likely associated with optical aberrations caused by
changes in the tear film on the corneal surface [49]. The
CSF improved after lacrimal passage intubation in eyes
with epiphora [50].

Fig. 1 shows representative spatial frequency-depen-
dent CS curves formed based on the data from individual
studies using the CSV-1000E. They illustrate the differ-
ences in the pattern of CS reduction depending on the
studied condition and are not intended for direct statistical
comparison between conditions. The peak CS is at 612
cpd for healthy individuals. The most substantial reduction
in CS was seen at the high-frequency range (12—-18 cpd)
for patients with glaucoma, and in the middle-frequency
and high-frequency ranges, for patients with AMD. CS
as a function of spatial frequency in amblyopia showed

a moderate reduction in CS in the intermediate and high
spatial frequencies, whereas cataract caused a global re-
duction in CS, which appeared more pronounced at high
spatial frequencies.

CS abnormalities have been reported after traumatic
brain injuries (TBI), but studies differed in CS assessment
methods. Rasdall and colleagues [51] found statistically
significantly decreased Pelli-Robson CS in participants
with chronic mild TBI. In a study by Lemke and col-
leagues [52], spatial CS was recorded at 3, 6, 12 and 18
cpd. Among 53 participants able to complete CS testing,
11 (21%) had values more than 2 SDs below the mean.
Verejan and colleagues [53] used the on-line test VCSTest.
com to assess CS in school-aged children with persisting
visual symptoms after head injury. Evaluation of CS re-
vealed changes in the acute phase of mild TBI in with an
improvement in 4 months after the trauma. Therefore, the
data available confirm that CS may be impaired after TBI,
but the results of studies using other CS assessment meth-
ods cannot be directly extrapolated to the CSV-1000E test.

Fig. 1. Representative spatial frequency-dependent log CS curves formed based on the data from studies on various eye
disorders using the CSV-1000E (healthy young adults (Koefoed et al. [45]), primary open angle glaucoma with early visual
field defect (Bambo et al. [10]); subclinical age-related macular degeneration with small retinal drusen (Davey et al. [54]);
amblyopic eye in successfully treated refractive amblyopia (Jia et al. [23]); age-related cortical cataract (Peng et al. [55]);
and high myopia with partial posterior vitreous detachment (Zhao et al. [48])). The curves presented have been obtained in
separate independent studies are illustrative and not intended for direct statistical comparison between clinical groups. In the
profile shown for healthy young adults, the maximum CS occurs at 6 cpd, as shown in the graph.
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Hence, CS assessment provides a useful adjunct to
standard visual acuity assessment in various ophthalmo-
logical and neuro-ophthalmological conditions. The CSV-
1000E provides standardized spatial CS assessment and
may be used as an adjunctive tool for functional vision
assessment. However, the results obtained with different
CS tests cannot be considered directly interchangeable,
which should be taken into account during their clinical
interpretation.

Test-retest reliability, validity and the factors influ-
encing the results of testing

The test-retest reliability of the CSV-1000 is controver-
sial. Kelly and colleagues (2012) [15] concluded that the
reliability of the CSV-1000 in adults and children is low,
even if the same examiner obtains test-retest data, but they
suggested modifications of the procedure that may signifi-
cantly increase test reliability. Pomerance and Evans [44]
demonstrated that the test-retest variance for normals, as
measured by the coefficients of repeatability (CoR), was
smaller than the mean differences in CS measured with the
CSV-1000 before and after beta-blocker therapy in glauco-
ma patients at almost all spatial frequencies. This indicates
the potential suitability of the test for monitoring CS under
standardized conditions.

Comparative studies demonstrated that there may sub-
stantial discrepancies in the test results between CS testing
methods due to differences in stimuli, spatial frequencies
and testing conditions; results from different CS tests are
therefore not interchangeable [6, 16, 32, 37]. Franco and
colleagues [32] compared the VCTS-6500 and the CSV-
1000 tests for visual CS testing in 105 healthy individuals
aged 19 to 26 years.

The clinical utility of the CSV-1000E is supported by
its ability to detect changes in CS in various pathological
conditions. Studies using the CSV-1000E demonstrated
reductions in CS at various spatial frequencies in patients
with glaucoma [9, 10]. In patients with bilateral neovascu-
lar AMD, the Pelli-Robson CS in the better eye was close-
ly correlated with vision-related quality of life [11]. These
results confirm the clinical utility of assessing CS in AMD
but are not a direct validation of the CSV-1000E test.

Numerous factors can affect the results of CS tests.
One of them is the luminance level, with changes in the
brightness and adaptation conditions resulting in chang-
es in CS [35]. The standardized back lit testing provided
by the CSV-1000E helps control this source of variabil-
ity. Therefore, it is important to maintain identical testing
conditions and follow manufacturer’s instructions. Age is
another factor affecting CS. Studies indicated that the de-
crease in CS with age was more substantial in the higher
spatial frequency condition [7, 56]. This is associated with
age-related changes in the transparency of the optic media
and neurosensory retinal structures. CS can be also affect-
ed by the transparency of the optic media (particulary, the
presence of lens opacities and increased intraocular light
scattering) [3, 14].

Comorbidities can affect CS even if they do not reduce
visual acuity. Impaired tear film stability and irregular sur-
face of the tear film can result in optical aberrations and
impaired capacity to distinguish low-contrast objects [49,
50]. Other factors that may affect the results of psycho-
physic testing include attention, understanding the task
and patient’s capacity to perform the procedure in the cor-
rect manner and order, which is especially important to
take into account when examining children and seniors.

Therefore, the CSV-1000E is a standardized instru-
ment to assess CS quantitatively. Adherence to the testing
protocol is essential for valid scores, and the results can
be influenced by a number of clinical and external factors.
To minimize test-retest variability, it is important to stan-
dardize illumination and take into account the status of the
optic media, patient’s age and the factors that may affect
the performance of the psychophysical test.

Discussion

CS may be considered as an adjunct to standard visual
acuity testing for a more complete assessment of visual
function as it characterizes the ability of the visual sys-
tem to discriminate low-contrast stimuli. The distinction
between consepts of visual functions and functional vision
is based on the conceptual approaches by Colenbrander [1]
and Bennett and colleagues [2]. Clinical studies have dem-
onstrated that a CS loss may be found in glaucoma [9, 10],
and that, in patients with neovascular AMD, reduced CS
may be associated with vision-related quality of life [11].
At the same time, the results obtained by other CS tests
cannot be directly extrapolated to the CSV-1000E test.

The CSV-1000E is a standardized CS test with a recom-
mended test distance of 8 feet; it is automatically calibrat-
ed to assure 85 cd/m2 luminance for photopic conditions.
The test-retest reliability of the CSV-1000 is, however,
controversial. Because the results of CS measurements
with CSV-1000E may vary from test to retest [15, 44], it is
important to adhere to the test procedure, especially over
the course of longitudinal observation.

The results obtained with different CS tests cannot be
considered directly interchangeable due to differences in
stimulus characteristics, spatial frequences and testing
procedures [6, 16, 25, 32,37, 57, 58].

This should be taken into account when interpreting
and comparing the results between different studies.

Other selected functional deficits (e.g., changes in me-
ridional nonius acuity and vernier acuity) along with CS
loss have been reported in patients with amblyopia and
astigmatism, which underscores the multicomponent na-
ture of visual function assessment and the utility of com-
plex interpretation of the results [46].

The CSV-1000E test, however, has several limita-
tions. Because the CSV-1000E is a psychophysical test,
the results depend on patient’s response to the stimuli and
proper adherence to the procedure is essential to obtaining
accurate results [15, 16]. This should be taken into account
especially when examining children and seniors. It is also
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important to maintain the standardized conditions (testing
light levels and distance) because changes in testing condi-
tions may affect test results [9, 15, 16].

Another impoerant factor is the status of the optic me-
dia of the eye. Lens opacity, corneal changes or impaired
tear film stability may decrease CS [3, 14, 49]. This should
be taken into account when assessing CS dynamics, be-
cause changes in CS may be related not only to the pri-
mary condition, but also to concomitant anterior segment
pathology.

The use of digital platforms for assessing CS is be-
lieved to be promising. De Fez and colleagues [38] devel-
oped a new iPad-based CS test for measuring the CSF at
near vision (Optopad-CSF), and evaluated eyes of healthy
subjects in a comparative study between the Optopad-CSF
test (near vision) and the CSV-1000E test (distance vision)
to validate the former test. However, differences in cali-
bration and technical characteristics of devices remain a
significant limitation to the widespread adoption of such
methods.

Therefore, the CSV-1000E is a standardized psycho-
physical tool for assessing CS. At the same time, Kelly
and colleagues [15] indicated that the test-retest reliability
for CSF chart tests such as the CSV-1000 is low, with its
CoR ranging from 0.37 to 0.50 log CS even with outliers
removed; they suggested modifications of the procedure
to increase test reliability. Other limitations include the
subject-dependent nature of the response to stimuli and
non-interchangeability of test results between the CSV-
1000E and other CS tests. Clinical studies have demon-
strated that CSV-1000E may detect a reduction in CS in
glaucoma, high myopia or cataract, even in the presence of
near-normal visual acuity. The clinical utility of CS test-
ing in macular disease has been demonstrated too, but the
results of studies using other CS tests cannot be directly
extrapolated to the CSV-1000E test.

It is reasonable to consider the CSV-1000E test not as
a stand-alone tool but as part of the comprehensive assess-
ment of visual function. The results of the test should be
interpreted taking into account the patient’s age, status of
optic media, and illumination conditions, and whether the
standardized test protocol was adhered to. Future prospects
include the optimization of test protocols, digitalization of
CS assessment and validation of new CS assessment meth-
ods in various clinical cohorts.

Author contributions

Gavryliv VM — concept and design of the review, literature
search and analysis, preparation and editing of the manuscript.
Lazar YM — analysis and interpretation of scientific sources,
critical review and editing of the manuscript. Gavryliv TS —
analysis and interpretation of literary data, critical review of
the scientific content of the manuscript, making intellectually
significant edits. All authors have reviewed the final version of
the manuscript, approved it and agree to be responsible for
its content.

Funding Sources

The authors declare that no funds, grants or other support
was received during the preparation of the manuscript. The
sponsor or funding organization had no role in the design or
conduct of this research.

Conflict of interest

The authors state that they have no conflict of interest that
could influence their view on the subject matter or materials
described and discussed in this manuscript.

Data Availability Statement

All data generated or analyzed during this study are in-
cluded in this published article (within figures and text).

Abbreviations

AMD, age-related macular degeneration; cpd, cycles per
degree; BCVA, best-corrected visual acuity; CS, contrast
sensitivity; CSF, contrast sensitivity function; CSV-1000E,
standardized contrast sensitivity test (VectorVision); FACT,
functional acuity contrast test; ICS, index of contrast sensitivity;
IOL, intraocular lens; OCT, optical coherence tomography;
POAG, primary open-angle glaucoma; RNFL, retinal nerve
fiber layer; TBI, traumatic brain injury; VCTS-6500, Vistech
contrast test system 6500.

Jlitepatypa

1. Colenbrander A. Visual functions and functional vi-
sion. Int Congr Ser. 2005;1282:482-486. doi:10.1016/].
ics.2005.05.002.

2. Bennett CR, Bex PJ, Bauer CM, Merabet LB. The assess-
ment of visual function and functional vision. Semin Pediatr
Neurol. 2019;31:30—40. doi:10.1016/j.spen.2019.05.006.

3. Ginsburg AP. Contrast sensitivity: Determining the visual
quality and function of cataract, intraocular lenses and refrac-
tive surgery. Curr Opin Ophthalmol. 2006;17:19-26.

4. Arden GB. The importance of measuring contrast sensitivity
in cases of visual disturbance. Br J Ophthalmol. 1978;62:198-
209.

5. Marmor MF. Contrast sensitivity versus visual acuity in reti-
nal disease. Br J Ophthalmol. 1986;70:553-559.

6. Corwin TR, Richman JE. Three clinical tests of the spatial
contrast sensitivity function: A comparison. Am J Optom
Physiol Opt. 1986;63:413-418.

7. Sia DIT, Martin S, Wittert G, Casson RJ. Age-related change
in contrast sensitivity among Australian male adults: Florey
Adult Male Ageing Study. Acta Ophthalmol. 2012;91:312-
317.

8. Derrington AM, Krauskopf J, Lennie P. Chromatic mecha-
nisms in lateral geniculate nucleus of macaque. J Physiol.
1984;357:241-265.

9. Kim SW, Go Y, Kang SO, Lee CK. Quantitative visual tests
in primary open-angle glaucoma patients according to three
different lights with different color-rendering index. BMC
Ophthalmol. 2021;21(1):238.

10. Bambo MP, Ferrandez B, Giierri N, Fuertes I, Cameo B, Polo
V, et al. Evaluation of contrast sensitivity, chromatic vision,
and reading ability in patients with primary open angle glau-
coma. J Ophthalmol. 2016;2016:7074016.

11. Rossouw P, Guichard MM, Hatz K. Contrast sensitivity and
binocular reading speed best correlating with near distance

66



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | September-October | Number 5 (532)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

vision-related quality of life in bilateral nAMD. Ophthalmic
Physiol Opt. 2020;40:760-769.

Trick GL, Burde RM, Gordon MO, Santiago JV, Kilo C. The
relationship between hue discrimination and contrast sensi-
tivity deficits in patients with diabetes mellitus. Ophthalmol-
ogy. 1988;95:693-698.

Chen YL, Pu C, Lin KK, Lee JS, Liu L, Hou CH. A com-
parison of visual quality and contrast sensitivity between
patients with scleral-fixated and in-bag intraocular lenses. J
Clin Med. 2022;11(10):2917. doi:10.3390/jcm11102917.
Hong YT, Kim SW, Kim EK, Kim TI. Contrast sensitivity
measurement with 2 contrast sensitivity tests in normal eyes
and eyes with cataract. J Cataract Refract Surg. 2010;36:547-
552.

Kelly SA, Pang Y, Klemencic S. Reliability of the CSV-1000
in adults and children. Optom Vis Sci. 2012;89:1172-1181.
Richman J, Spaeth GL, Wirostko B. Contrast sensitivity ba-
sics and a critique of currently available tests. J Cataract Re-
fract Surg. 2013;39:1100-1106.

Owsley C. Contrast sensitivity. Ophthalmol Clin North Am.
2003;16:171-177.

Kolomiets VA, Dmitriev SK, Dushenchuk TV, Lazar YuM.
Clinical and functional results of surgical treatment of cata-
ract and presbyopia by using diffraction-refraction IOL Ac-
rySof ReSTOR. Oftalmologicheskii Zhurnal. 2010;(4):26—
29.

Lapid-Gortzak R, Bhatt U, Sanchez-Jean R, Bains HS,
Martinez MB, Tarib I, et al. Clinical outcomes with a low
add multifocal and an extended depth of focus intraocular
lens both implanted with mini-monovision. Eye (Lond).
2022;36(6):1168-1177.

Giménez-Calvo G, Bartol-Puyal FA, Altemir I, Pablo LE, Pi-
nilla I. Influence of ocular biometric factors on the defocus
curve in an enlarged depth-of-focus intraocular lens. Int Oph-
thalmol. 2023;43(3):945-955.

Lian H, Ma W, Wei Q, Yuan X. A comparative study on ear-
ly vision quality after implantation of refractive segmental
and diffractive multifocal intraocular lens. Pak J Med Sci.
2020;36(7):1607-1612.

Huang Q, Li Y, Zhang S, Wang Y, Zheng D, Wang W, et al.
Long-term visual quality after microincision cataract surgery.
J Ophthalmol. 2020;2020:9318436.

Jia Y, Ye Q, Zhang S, Feng L, Liu J, Xu Z, et al. Contrast
sensitivity and stereoacuity in successfully treated refractive
amblyopia. Invest Ophthalmol Vis Sci. 2022;63(1):6.

Jia'Y, Ye Q, Liu J, Zheng X, Xu Z, Lu X, et al. Associations
between the cause of amblyopia and pre-treatment contrast
sensitivity, stereoacuity, fixation, and nystagmus. Heliyon.
2024;10(7):e28857.

Ulrich K, Palmowski-Wolfe A. Comparing three dif-
ferent contrast sensitivity tests in adults and in children
with and without amblyopia. Klin Monbl Augenheilkd.
2019;236(4):434-437.

Mohammadi A, Hashemi H, Mirzajani A, Yekta A, Jafarza-
dehpur E, Khabazkhoob M. Comparison of two methods for
measuring contrast sensitivity in anisometropic amblyopia. J
Curr Ophthalmol. 2018;30:343-347.

Fisher JB, Jacobs DA, Markowitz CE, Galetta SL, Volpe NJ,
Nano-Schiavi ML, et al. Relation of visual function to retinal
nerve fiber layer thickness in multiple sclerosis. Ophthalmol-
ogy. 2006;113:324-332.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Gordon-Lipkin E, Chodkowski B, Reich DS, Smith SA,
Pulicken M, Balcer LJ, et al. Retinal nerve fiber layer is as-
sociated with brain atrophy in multiple sclerosis. Neurology.
2007;69:1603-1609.

Garcia-Martin E, Pueyo V, Pinilla I, Ara JR, Martin J, Fer-
nandez J. Fourier-domain OCT in multiple sclerosis patients:
reproducibility and ability to detect retinal nerve fiber layer
atrophy. Invest Ophthalmol Vis Sci. 2011;52:4124-4131.
Satue M, Obis J, Rodrigo MJ, Vilades E, Gracia H, Otin S, et
al. Relationship between visual dysfunction and retinal struc-
tural changes in patients with multiple sclerosis. PLoS One.
2016;11(5):¢0155310.

Rehman O, Chan W, Yiangou A, Mitchell J, Yiangou A, Mol-
lan SP, et al. Contrast sensitivity in idiopathic intracranial
hypertension. Eye (Lond). 2020;34(6):1100-1107.

Franco S, Silva AC, Carvalho AS, Macedo AS, Lira M. Com-
parison of the VCTS-6500 and the CSV-1000 tests for visual
contrast sensitivity testing. Neurotoxicology. 2010;31:758-
761.

Sanders EA, Volkers ACW, van der Maas PJ. Spatial con-
trast sensitivity function in optic neuritis. Clin Vision Sci.
1984;4(3):165-172.

Kupersmith MJ, Siegel IM, Carr RE. Reduced contrast sen-
sitivity in compressive lesions of the anterior visual pathway.
Neurology. 1981;31(5):550-554.

Zele AJ, Cao D. Vision under mesopic and scotopic illumina-
tion. Front Psychol. 2015;5:1594.
Chen Z, Zhuang Y, Xu Z, Chan LYL, Zhang S, Ye Q, et al.

Sensitivity and stability of functional vision tests in detecting
subtle changes under multiple simulated conditions. Transl
Vis Sci Technol. 2021;10(7):7. doi:10.1167/tvst.10.7.7.
Altinbay D, Sahli E, Idil A. Comparison of Two Different
Contrast Sensitivity Testing Methods in Patients with Low
Vision. J Curr Ophthalmol. 2022;34(1):60-66. doi:10.4103/
joco.joco 147 21.

De Fez D, Garcia C, Luque-Cobija MJ, Mena-Guevara KJ,
Daudén P, Pifiero DP. Validation of a new test for measuring
the contrast sensitivity function (Optopad-CSF) at near vi-
sion. Diagnostics (Basel). 2024;14(13):1377.

Pesudovs K, Hazel CA, Doran RM, Elliott DB. The useful-
ness of Vistech and FACT contrast sensitivity charts for cata-
ract and refractive surgery outcomes research. Br J Ophthal-
mol. 2004;88:11-16.

Miiftiioglu O, Karel F. The comparison of scotopic and me-
sopic contrast sensitivity with glare between pseudophakic
and phakic eyes. Turk J Ophthalmol. 2008;38(2):110-115.
Puell MC, Palomo C, Sanchez-Ramos C, Villena C. Mesopic
contrast sensitivity in the presence or absence of glare in a
large driver population. Graefes Arch Clin Exp Ophthalmol.
2004;242(9):755-761.

Maniglia M, Thurman SM, Seitz AR, Davey PG. Effect of
varying levels of glare on contrast sensitivity measurements
of young healthy individuals under photopic and mesopic vi-

sion. Front Psychol. 2018;9:899.

Holgueras A, Marcos M, Martinez-Plaza E, et al. Mesopic
disability glare in stage-two dysfunctional lens syndrome.
Ophthalmol Ther. 2022;11(2):677-687.

Pomerance GN, Evans DW. Test-retest reliability of the CSV-

1000 contrast test and its relationship to glaucoma therapy.
Invest Ophthalmol Vis Sci. 1994;35:3357-3361.

Koefoed VF, Baste V, Roumes C, Hovding G. Contrast sen-
sitivity measured by two different test methods in healthy,

67



ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | September-October | Number 5 (532)

46.

47.

48.

49.

50.

51.

young adults with normal visual acuity. Acta Ophthalmol.
2015;93:154-161.

Kolomiets VA, Bandura MYu, Kolomiiets NV. Peculiari-
ties of vernier monocular and binocular visual acuity in the
retinal orthogonal meridians in patients with hypermetropic
astigmatism. ScienceRise. 2015;6/4(11):38-44.

Eppig T, Filser E, Goeppert H, Schroeder AC, Seitz B, Lan-
genbucher A. Index of contrast sensitivity (ICS) in pseu-
dophakic eyes with different intraocular lens designs. Acta
Ophthalmol. 2015;93:¢181-¢187.

Zhao J, Xiao M, Zhu Y, Zhu X, Chen H, Yuan Y, et al. Degra-
dation of photopic and mesopic contrast sensitivity function
in high myopes with partial posterior vitreous detachment.
Transl Vis Sci Technol. 2024;13(4):3.

Tasaki K, Hoshi S, Hiraoka T, Oshika T. Deterioration of con-
trast sensitivity in eyes with epiphora due to lacrimal passage
obstruction. PLoS One. 2020;15(5):¢0233295. doi:10.1371/
journal.pone.0233295.

Hoshi S, Tasaki K, Hiraoka T, Oshika T. Improvement in
contrast sensitivity function after lacrimal passage intuba-
tion in eyes with epiphora. J Clin Med. 2020;9(9):2761.
doi:10.3390/jcm9092761.

Rasdall MA, Cho C, Stahl AN, Tovar DA, Lavin P, Ker-
ley CI, et al. Primary visual pathway changes in indi-
viduals with chronic mild traumatic brain injury. JAMA
Ophthalmol. 2025;143(1):33-42. doi:10.1001/jamaophthal-
mol.2024.5076.

52.

53.

54.

55.

56.

57.

58.

Lemke S, Cockerham GC, Glynn-Milley C, Cockerham KP.
Visual quality of life in veterans with blast-induced traumatic
brain injury. JAMA Ophthalmol. 2013;131(12):1602—-1609.
doi:10.1001/jamaophthalmol.2013.5028.

Verejan V. Contrast sensitivity and aspects of binocular vi-
sion alteration in school-aged children after head injury.
Rom J Ophthalmol. 2023;67(4):398-402. DOI 10.22336/
1jo.2023.62

Davey PG, Henderson T, Lem DW, Weis R, Amonoo-Mon-
ney S, Evans DW. Visual function and macular carotenoid
changes in eyes with retinal drusen—an open label random-
ized controlled trial to compare a micronized lipid-based
carotenoid liquid supplementation and AREDS-2 formula.
Nutrients. 2020;12(11):3271. doi:10.3390/nu12113271.
Peng C, Zhao JY, Ma LW, Qu B, Zhang JS. [Clinical evalua-
tion of quality of vision with age-related cataract of different
morphologies]. Zhonghua Yan Ke Za Zhi. 2011;47(11):1001-
1006. doi:10.3760/cma.j.issn.0412-4081.2011.11.009.
Karatepe AS, Kdse S, Egrilmez S. Factors affecting contrast
sensitivity in healthy individuals: A pilot study. Turk J Oph-
thalmol. 2017;47:80-84.

Chung ST, Legge GE. Comparing the shape of contrast sen-
sitivity functions for normal and low vision. Invest Ophthal-
mol Vis Sci. 2016;57:198-207.

Altinbay D, Isik U, Yuksel B, Altintas O. Comparison of two
different contrast sensitivity testing methods in patients with
low vision. Int Ophthalmol. 2022;42(10):3269-3277.

68



