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Objective methods of evaluation of retinal ganglion cell
function in clinical settings: a structured literature review

R. Tzekov
University of South Florida, Tampa, FL, USA

Abstract

Retinal ganglion cells (RGCs) are the retina’s sole output neurons, transmitting visual information from the eye to
the brain. Their degeneration underlies vision loss in numerous ocular and systemic diseases, most notably glaucoma.
However, traditional subjective visual tests, such as standard automated perimetry (SAP), often fail to detect early
RGC dysfunction, with substantial neuronal loss occurring before measurable visual field defects. This highlights the
urgent need for objective, sensitive methods to detect, monitor, and guide treatment for RGC-related diseases.

This review presents a comprehensive analysis of objective clinical methods for assessing RGC function and structure.
Functional evaluation tools include the Pattern Electroretinogram (PERG), Visual Evoked Potential (VEP), and
Photopic Negative Response (PhNR), each offering unique advantages for detecting early and potentially reversible
RGC dysfunction. Structural techniques - primarily optical coherence tomography (OCT) and OCT angiography
(OCTA) - provide high-resolution imaging of RGC axons, somas, and associated microvasculature. Together, these
approaches offer complementary insights: while OCT quantifies established structural loss, PERG and PhNR can
detect dysfunction before irreversible damage, providing a therapeutic window for neuroprotective strategies.
Despite progress, challenges persist. These include the structure-function discrepancy, RGC subtype heterogeneity,
poor standardization of electrophysiological protocols, limitations in image quality and reproducibility of OCTA, and
insufficient adoption of promising tools like PERG due to limited large-scale clinical validation. Furthermore, a deeper
understanding is needed of the transition from RGC dysfunction to death, particularly to refine treatment timing.
Thedistinctionbetween functionalandstructuralmeasuresisnotcompetitivebutcomplementary. Anintegrative, multimodal
assessmentstrategy-combiningelectrophysiologicalandimagingmodalities-holdsthegreatestpromiseforearly diagnosis,
riskstratification, treatmentmonitoring, and thedevelopmentofnovelneuroprotective andregenerative therapies. Bridging
existing gaps will require technological refinement, translational research, and widespread clinical standardization.
Key words: Retinal Ganglion Cells (RGCs), Objective Functional Assessment, Photopic Negative Response (PhNR),

Optical Coherence Tomography (OCT), Multimodal Diagnostic Strategies.

. Introduction

A. The Critical Role of Retinal Ganglion Cells (RGCs) in
Vision and Disease

Retinal ganglion cells (RGCs) serve as the exclusive output
neurons of the retina, holding the fundamental responsibility for
transmitting visual stimuli from the eye to the brain [1]. Their
axons coalesce to form the optic nerve, a crucial conduit that
relays visual information to higher brain centers, notably the
lateral geniculate nucleus (LGN). Beyond their role in mere signal
propagation, RGCs are actively engaged in the initial stages
of visual information processing, enabling the discernment of
intricate visual attributes such as spatial contrast, flicker, color,
fine details, motion, and absolute light levels [2, 3].

The structural and functional integrity of RGCs is
indispensable for the maintenance of normal visual acuity and
perception. Consequently, any compromise to these cells,
whether through dysfunction or irreversible loss, constitutes
the primary determinant of visual impairment across a broad
spectrum of traumatic and degenerative ocular conditions.

B. Rationale for Objective Assessment of RGC Function
in Clinical Practice

Numerous ophthalmic and systemic pathologies are
characterized by the degeneration of RGCs. Glaucoma, for
instance, stands as a leading global cause of irreversible

4

blindness, fundamentally defined by the progressive
degeneration and apoptosis of RGCs and their axons [4]. This
RGC loss, akin to damage in other parts of the central nervous
system, is largely irreversible. Other significant conditions
impacting RGCs include various optic neuropathies, such
as optic neuritis (frequently observed in multiple sclerosis),
ischemic optic neuropathy, compressive optic neuropathy, and
toxic optic neuropathies [5]. Furthermore, emerging evidence
has linked RGC health to systemic conditions, with recent
studies documenting a measurable reduction in ganglion
cell layer thickness in individuals who have recovered from
coronavirus disease 2019 (COVID-19), suggesting a potential
neurodegenerative effect on the optic nerve [6].

A significant challenge in managing these conditions is
the inherent limitation of traditional subjective visual function
tests. Standard automated perimetry (SAP), a cornerstone of
glaucoma diagnosis, often fails to detect RGC damage until the
disease is considerably advanced. Estimates suggest that a
substantial proportion of RGCs, ranging from 20% to 50%, may
be lost before statistically significant abnormalities manifest in
visual field testing [7]. This phenomenon, often termed “silent
progression”, means that by the time patients experience
noticeable visual field deficits and receive a diagnosis through
conventional methods, the disease has progressed to a

2025, TOM 14, Bpoit 1
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moderate stage, potentially beyond the optimal window for
neuroprotective interventions aimed at preserving distressed
but still viable cells. This fundamental limitation of subjective
tests underscores the critical need for objective methods of
RGC assessment [4].

The imperative for accurate and reliable objective
assessment of RGC numbers and function extends beyond
early diagnosis to the development and evaluation of
novel therapeutic strategies. In particular, the efficacy of
neuroprotective and regenerative approaches, which aim to
halt or reverse RGC damage, can only be robustly determined
through quantitative, patient-independent measures. Objective
methods thus provide essential tools for early detection, precise
monitoring of disease progression, and rigorous evaluation of
treatment outcomes.

This literature review provides a comprehensive, structured
analysis of objective methods currently utilized or under active
development for evaluating RGC function in clinical settings.

Il. Retinal Ganglion Cell Biology and Patho-
physiology

A. Fundamental Anatomy and Physiology of RGCs

Retinal ganglion cells are positioned as the ultimate
neuronal relays within the retinal circuitry, receiving complex
visual inputs from photoreceptors via an infricate network of
intermediate bipolar and amacrine cells. Their axons converge
at the optic disc, forming the optic nerve, which subsequently
transmits these meticulously processed visual signals to various
higher brain centers, with the lateral geniculate nucleus (LGN)
being a primary projection target. The human retina is home to
approximately 1.2 million RGCs. Crucially, these cells do not
represent a homogeneous population; rather, they comprise
up to 30 distinct subtypes, each categorized by unique
morphological, functional, genetic, and immunohistochemically
characteristics [2].

During early development, RGCs undergo a conserved
neurogenic program, emerging as one of the first neuronal cell
types generated within the retina. In mammalian models, RGCs
are born between embryonic day 11 and post-natal day zero in
mice, and in humans, this process occurs between week 5 and
week 18 of gestation. Their development progresses in a wave-
like pattern across the retina, guided by a complex interplay of
signaling factors and transcription networks [8].

B. Intrinsic Challenges in RGC Assessment: Subtype
Heterogeneity and the Interplay of Dysfunction and Death

The objective assessment of RGC health is complicated by
several intrinsic factors.

Subtype Heterogeneity: The remarkable diversity of RGC
subtypes, with up to 30 distinct types, presents a substantial
challenge for comprehensive evaluation. These subtypes
exhibit differential responses to disease and treatment, and
current objective evaluation techniques may selectively identify
or inadvertently overlook particular subpopulations. This
selective sensitivity limits the comprehensive appropriateness
of these measures for assessing overall RGC survival and
function. For example, some RGC subtypes have demonstrated
greater resilience to optic nerve damage or ocular hypertension
compared to others, indicating varied vulnerability profiles [3].

2025, Vol. 14, Issue 1

The implication of this cellular diversity is that a single objective
method might not be equally sensitive to all RGC populations,
potentially leading to an incomplete or even misleading
assessment of overall RGC health.

Dysfunction vs. Death: A critical aspect of RGC pathology
is that cellular dysfunction often precedes irreversible cell death.
The precise relationship between RGC death and dysfunction,
and the comparative accuracy and reliability of various
techniques in distinguishing between these two states, remain
areas requiring deeper understanding. The observation that
RGCs can be dysfunctional before they undergo irreversible cell
death implies that the primary objective of early detection is not
merely to identify irreversible damage but, more importantly, to
identify reversible dysfunction. This opens a crucial therapeutic
window for neuroprotective strategies aimed at rescuing these
“distressed but still viable cells” [9].

Functional objective tests, such as Pattem Electroretinogram
(PERG) and Photopic Negative Response (PhNR), become
particularly valuable in this context as they can detect these
subtle, potentially reversible changes before structural loss
becomes evident. The evolving paradigm of RGC assessment
is thus shifting from simply diagnosing established damage to
identifying a “functional tipping point”, thereby guiding early,
targeted interventions to preserve vision rather than merely
managing irreversible loss [10].

“Silent Progression”: A major clinical hurdle is the
phenomenon of “silent progression’, where significant RGC
damage can occur before traditional subjective tests, such
as standard automated perimetry, detect a functional loss.
Estimates indicate that between 20% and 50% of RGCs may be
lost before statistical abnormalities become apparent in visual
field testing. This substantial delay in detection means that
by the time a patient experiences noticeable visual field loss
and receives a diagnosis via traditional methods, the disease
is already moderately advanced, potentially past the optimal
window for neuroprotective interventions [7].

ll. Evolution and Current Landscape of
Objective RGC Function Evaluation Methods

The landscape of objective RGC function evaluation
has undergone a significant evolution, driven by the need for
more sensitive and specific diagnostic and monitoring tools.
This progression reflects a continuous drive towards higher
resolution and more precise localization of RGC pathology.

A. Electrophysiological Techniques

Electrophysiological tests offer objective and quantitative
measures of retinal and visual pathway function through
the recording of electrical signals generated in response to
controlled visual stimuli. These methods are indispensable for
assessing RGC function, serving as a crucial complement to
structural evaluations.

1. Pattern Electroretinogram (PERG)

a. Principles, Historical Development, and Seminal
Studies

The Pattern Electroretinogram (PERG) is a non-invasive
electrophysiological test that provides an objective and
quantitative measurement of central retinal function, primarily
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reflecting the electrical activity of RGCs. Itis elicited by contrast-
reversing patterned stimuli, such as sinusoidal gratings or
checkerboards, presented at a constant mean luminance [10].
The PERG waveform typically comprises two main components:
a positive peak (P50) and a larger negative trough (N95). While
the P50 component receives contributions from both outer and
inner retinal neurons, the N95 component is primarily generated
by the spiking activity of RGCs and demonstrates high sensitivity
to retinal nerve fiber degeneration and RGC loss [11].

Various investigations consistently confirmed PERG
alterations in conditions such as glaucoma and ocular
hypertension [8]. To ensure consistency and comparability
across laboratories worldwide, the Intemational Society
for Clinical Electrophysiology of Vision (ISCEV) has since
developed and published standardized guidelines for PERG
recordings [11].

b. Clinical Applications and Diagnostic Utility

Studies have consistently shown that PERG amplitude loss
correlates with the progressive loss of RGCs and optic nerve
fibers, and importantly, PERG changes can even anticipate
structural loss in early manifest glaucoma. A reduced PERG
amplitude has been demonstrated to predict subsequent
conversion to glaucomatous visual field defects and an
increased rate of progressive retinal nerve fiber layer thinning in
suspect eyes, highlighting its potential utility in risk stratification.
Furthermore, the assessment of PERG spatial tuning can
provide an early, though not entirely specific, indicator of RGC
dysfunction in diseases such as early glaucoma and multiple
sclerosis. In clinical practice, PERG is often employed as
a follow-up test when an abnormal pattern VEP is observed,
helping to differentiate whether the abnormality originates from
retinal or optic nerve dysfunction, thereby providing crucial
localization information [10, 12].

2. Visual Evoked Potential (VEP)

a. Principles, Historical Development, and Seminal
Studies

Visual Evoked Potentials (VEPs) are electrophysiological
signals that represent the aggregate electrical activity of the
entire visual pathway, extending from the optic nerve to the
calcarine cortex [25]. VEPs are typically recorded from electrodes
strategically placed on the occipital scalp. The most common
stimulus types employed are pattem reversal (PR-VEP), where
light and dark elements (e.g., checkerboard or bars) reverse
contrast while maintaining a constant mean luminance. The PR-
VEP waveform is characteristically triphasic, featuring an initial
negativity (N75), a prominent positive peak (P100) occurring
around 100 ms, and a subsequent negativity (N135). The
P100 component is particularly stable and repeatable, widely
recognized as the electrical correlate of primary visual cortex
activity [13].

The VEP practical clinical application became feasible
only with the advent of signal-averaging computers in the early
1960s. These computers enabled the extraction of the time-
locked VEP signal from background electroencephalographic
(EEG) noise by repeatedly presenting stimuli and averaging the
corresponding responses. Pattern reversal VEPs subsequently
became the preferred clinical technique [14]. To standardize
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clinical VEP recordings and ensure consistency, ISCEV has
developed and regularly updates international guidelines [13].

b. Clinical Applications and Diagnostic Utility

VEPs are extensively utilized in neuro-ophthalmology
for the quantification and monitoring of functional damage
across a broad spectrum of optic neuropathies. This includes
inflammatory conditions such as optic neuritis (often associated
with multiple sclerosis), ischemic optic neuropathy (e.g., NAION),
and compressive optic neuropathies, as well as traumatic,
hereditary, degenerative, and toxic-metabolic etiologies. They
are particularly effective in detecting demyelination, which
characteristically manifests as delayed VEP responses due to
impaired neural signal transmission [15, 16].

VEPs also serve as an objective method for assessing visual
acuity in patient populations unable to provide reliable subjective
responses, such as non-verbal infants, individuals with low
intellectual abilities, or those suspected of malingering. In cases
of optic nerve compression, for example, due to pituitary tumors,
VEPs can reveal characteristic abnormalities, including latency
delays and a “crossed” VEP asymmetry indicative of chiasmal
dysfunction, and may even serve as a prognostic indicator for
visual outcome following surgical decompression [15, 17].

It is important to recognize that VEPs reflect the functional
integrity of the entire visual pathway from the retina to the
striate cortex and possess a significant macular contribution.
Consequently, VEP abnormalities are highly non-specific; they
can be influenced by any pathology upstream in the visual
pathway.

3. Photopic Negative Response (PhNR)

a. Principles, Historical Development, and Seminal Stu-
dies

The Photopic Negative Response (PhNR) is a slow, negative-
going component of the cone-driven full-field electroretinogram
(ERG) that appears after the b-wave. It is profoundly dependent
on the integrity of retinal ganglion cell responses and reflects
the functional status of the inner retinal layers. While its primary
origin is the electrical activity of RGCs themselves, its relatively
slow timing suggests mediation and contribution from amacrine
and glial cells [18, 19, 20].

Unlike the PERG, the PhNR is elicited by a uniform full-
field stimulus, which confers an advantage in clinical settings
by making it less critically dependent on accurate refraction,
clear ocular media, or precise fixation control. A unique benefit
of the PhNR is its ability to enable simultaneous assessment
of distal retinal function (i.e., cone photoreceptor and bipolar
cell responses) from the same recording. To standardize the
technique and optimize clinical applications, the ISCEV has
since provided an extended protocol for recording and analyzing
the PhNR [20, 21].

b. Clinical Applications and Diagnostic Utility

The PhNR provides an objective measure of retinal
ganglion cell function and demonstrates particular sensitivity to
glaucomatous damage. It has proven to be an effective objective
clinical diagnostic test for assessing RGC function in various
optic neuropathies [22]. A significant advantage of the PhNR is
its capacity to reflect reversible aspects of RGC dysfunction.
Studies have shown that improvements in PhNR amplitude can
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occur within 1-2 months following intraocular pressure (I0OP)
lowering, with a direct correlation to the degree of IOP reduction.
This characteristic suggests its utility in monitoring the efficacy
of glaucoma treatments [23].

A markedly reduced PhNR, particularly when focal or
multifocal for the central 15 degrees, is indicative of RGC
dysfunction in early stages of glaucoma (including suspects)
and can aid in stratifying the risk for disease progression
[24, 25, 26]. Compared to PERG, the PhNR captures a more
global RGC response, can be recorded using skin electrodes
(which are better tolerated by pediatric patients), and does not
necessitate prolonged or strict fixation, making it more feasible
for certain patient populations. It is also valuable in detecting
RGC dysfunction that predominantly affects the peripheral
retina [27, 28].

B. Structural Imaging Techniques

Structural imaging techniques provide quantitative
assessments of RGCs and their axons by precisely measuring
the thickness and morphology of specific retinal layers. As they
are correlated, but not directly representing retinal function, they
will be discussed less extensively in this work.

1. Optical Coherence Tomography (OCT)

a. Assessment of Retinal Nerve Fiber Layer (RNFL) and
Ganglion Cell Complex (GCC/GC-IPL) Thickness

OCT provides precise and reproducible measurements of
the thickness of the retinal nerve fiber layer (RNFL), which is
composed of RGC axons, and the ganglion cell layer (GCL).
With continuous advancements in segmentation algorithms,
OCT can also quantify the ganglion cell-inner plexiform layer
(GC-IPL) thickness or the broader ganglion cell complex
(GCC), which typically includes the RNFL, GCL, and inner
plexiform layer (IPL) [29, 30]. By analyzing the thickness and
morphology of these innermost retinal layers, clinicians can
objectively infer the health and integrity of RGCs. The macula,
with its exceptionally high density of RGCs, represents a critical
region for assessment, and macular thickness measurements,
particularly of the GCC, serve as a valuable surrogate indicator
of RGC damage [31].

b. Clinical Applications and Diagnostic Utility

OCT has become the most widely used technique for
ganglion cell analysis in neuro-ophthalmology. It is broadly
considered the gold standard for objectively evaluating structural
changes in the optic nerve head and inner retinal layers affected
by diseases such as glaucoma [32]. A key advantage of OCT is
its ability to facilitate early detection and monitoring of various
neuro-ophthalmological conditions, including glaucoma, optic
neuritis, multiple sclerosis (MS), ischemic optic neuropathy, and
compressive optic neuropathy [33]. The average GCC thickness
and its related parameters are considered reliable biomarkers
for detecting preperimetric glaucomatous damage and can
correlate with progressive visual field loss.

2. Optical Coherence Tomography Angiography (OCTA)

a. Assessment of RGC Microvasculature and Perfusion

OCTA allows for a layer-specific assessment of the intricate
microcirculatory network that supplies the RGCs. This includes
detailed visualization of the superficial capillary plexus (SCP),
the deep capillary plexus (DCP) of the macula, and the radial
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peripapillary capillary plexus (RPCP) surrounding the optic disc.
The technology directly visualizes vascular changes associated
with RGC damage [34]. Vascular deterioration assessed by
OCTA has been shown to correlate closely with structural
and functional damage in glaucoma, with changes in retinal
microcirculation potentially preceding structural abnormalities in
the optic nerve head. This highlights that impaired ocular blood
flow or microvascular dysregulation may be an early indicator
or a contributing factor to RGC dysfunction and degeneration,
particularly in conditions like glaucoma where intraocular
pressure-independent mechanisms are increasingly recognized
[35]. This makes OCTA a novel, non-lOP-related biomarker for
RGC health, potentially leading to new diagnostic criteria and
therapeutic targets focused on improving ocular perfusion and
metabolic support for RGCs.

b. Clinical Applications and Diagnostic Utility

OCTA s increasingly integrated into glaucoma management
to assess changes in the optic nerve head microvasculature
and the peripapillary capillary network [36]. Its ability to visualize
these microvascular changes at an early stage, even before
visual field defects become detectable, positions it as a valuable
tool for early diagnosis, particularly in normotensive glaucoma
where structural changes might be subtle. OCTA also plays a
role in monitoring disease progression by tracking changes in
the perfusion of the retinal nerve fiber layer and the ganglion cell
complex [34]. It provides complementary information to visual
field and structural OCT examinations, contributing to a more
comprehensive glaucoma diagnosis, progression detection,
and risk assessment.

The distinction between electrophysiological methods
(PERG, VEP, PhNR) that assess RGC function and imaging
methods (OCT, OCTA) that assess RGC structure and
microvasculature is not a competitive one, but rather a
complementary relationship. The fact that functional changes,
such as PERG alterations, can precede histological RGC loss,
and that PhNR can reflect reversible dysfunction, highlights that
functional tests offer a critical window for intervention before
irreversible structural damage occurs. This means that while
structural tests quantify established loss, functional tests can
identify early dysfunction, providing an opportunity for timely
therapeutic intervention.

IV. Conflicting Viewpoints and Limitations of
Current Objective Methods

Despite significant advancements, objective methods for
RGC function evaluation are not without their limitations and
areas of ongoing debate. These challenges often stem from
the complex biology of RGCs and the inherent difficulties in
translating high-resolution research tools into routine clinical
practice.

A. General Challenges in RGC Assessment: The
Structure-Function Discrepancy and Subtype Specificity

A persistent challenge across all objective methods
is the precise understanding of the relationship between
RGC dysfunction and irreversible cell death, as well as the
comparable accuracy and reliability of various techniques
in discerning these distinct states [37]. While it is known that
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dysfunction often precedes death, quantifying this transition
objectively remains complex.

The inherent heterogeneity of RGC subtypes, with up to 30
distinct types, significantly complicates the measurement pro-
cess. Current techniques may selectively identify or inadvertently
overlook particular subpopulations, thereby limiting their compre-
hensive appropriateness and potentially leading to an incomplete
picture of disease progression. Different RGC subtypes demon-
strate varying resilience or susceptibility to optic nerve damage,
ocular hypertension, or photoreceptor degeneration, further com-
plicating a uniform assessment [38, 39].

B.Limitations and Controversies in Electrophysiological
Methods (PERG, VEP, PhNR)

1. Pattern Electroretinogram (PERG)

While widely accepted as an RGC-sensitive test, the
precise cellular origin of the PERG, particularly the relative
contributions from spiking versus non-spiking activity and the
potential involvement of non-RGC neurons (e.g., glial cells,
more distal neurons), remains a subject of some contention [10].
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Some sources argue that PERG alone may not be a sufficiently
specific assay of RGC function, as its generation can depend on
intact outer retinal signals [40].

From a practical standpoint, PERG signals are relatively
small, necessitating precise recording conditions and often
the use of corneal electrodes. These electrodes may not be
well-folerated by all patients, particularly children. Optimal
refractive correction is also crucial to prevent degradation
of the retinal image contrast, which can impact signal quality
[41]. The diagnostic accuracy of PERG can vary, with some
studies finding it to perform no better than, or even worse than,
standard automated perimetry (SAP) or other perimetric tests
in discriminating between healthy and glaucomatous eyes [42].
As PERG primarily assesses macular RGC function, it may be
insensitive to peripheral visual field constriction that can occur
in some conditions.

Anotable ongoing controversy is that some medical policies
continue to classify PERG as “experimental/investigational” for
all indications, citing perceived insufficient scientific evidence
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compared to established alternatives [43]. This classification
points to a significant translational gap. Despite promising
research findings on PERG's utility in early detection and
predicting progression, the lack of widespread acceptance
by some regulatory bodies underscores a critical need for
larger, longer-duration, multi-center studies to provide the
robust evidence required for universal clinical adoption and
reimbursement.

2. Visual Evoked Potential (VEP)

The primary limitation of VEPs lies in their non-specificity.
VEPs reflect the electrical activity of the entire visual pathway,
from the retina to the striate cortex [44]. Consequently, VEP
abnormalities are highly non-specific; they can be influenced by
any pathology upstream in the visual pathway, including macular
dysfunction, and are not solely indicative of primary optic nerve
or RGC disease. This inherent lack of specificity necessitates
complementary tests, such as PERG, to precisely localize the
site of dysfunction within the visual pathway [45]. Therefore, the
interpretation of VEPs should rarely be used in isolation to avoid
potential misdiagnosis.

3. Photopic Negative Response (PhNR)

While promising for detecting early RGC impairment,
distinguishing between healthy subjects and individuals at risk
of developing glaucomatous damage remains challenging for
PhNR. Some studies have reported normal PhNR responses
even in patients with confirmed glaucomatous defects detected
by other methods (e.g., visual field, multifocal VEP, SD-OCT),
suggesting the potential for false negatives [20, 27].

As a relatively newer technique compared to PERG, there
is less consensus on the optimal protocol for PhNR, including
specific stimulus characteristics (intensity, chromaticity) and
signal analysis methods [21]. Some stimulus conditions may be
more difficult to record than others [46]. While recording reliability
and diagnostic efficacy are generally improved by pupil dilation,
this can be a practical disadvantage in routine clinical settings.
Similar to PERG, the PhNR lacks detailed topographical
information compared to multifocal electrophysiological tests.
While it reflects global RGC activity, current OCT technology
might not fully capture corresponding peripheral RGC changes,
potentially leading to a poor structure-function correlation in
some conditions.

C. Limitations and Challenges in Structural Imaging
Methods (OCT, OCTA)

1. Optical Coherence Tomography (OCT) - RNFL/GCC/
GC-IPL

While excellent for early detection, OCT measurements
of retinal layer thickness can exhibit a “floor effect” in more
advanced stages of neurodegenerative diseases. This means
that once a certain amount of RGC loss has occurred, further
thinning may not be reliably detected, thereby limiting its utility
for monitoring progression in severe disease [47]. Segmentation
errors by automated algorithms are a common issue, particularly
in the presence of epiretinal membranes, vitreous detachments,
or poor image contrast, which can lead to inaccurate thickness
measurements. Over-reliance on computer-driven summary
statistics without careful visual scrutiny of the actual scan
images can lead to discrepancies with visual field results and
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miss subtle, localized damage, especially within the macula.
OCT can also yield “false positives”, sometimes termed “red
disease”, due to anatomical variations that mimic glaucomatous
thinning [48, 49].

The limitations of OCT are not solely technical (e.g., seg-
mentation errors, motion artifacts). A critical, often overlooked,
challenge lies in the human element: the failure of clinicians to
visually scrutinize high-quality images and an over-reliance on
automated summary statistics [50]. This suggests that techno-
logical advancements alone are insufficient; improved clinician
training and standardized interpretation guidelines are equally
crucial for maximizing diagnostic accuracy and avoiding misdi-
agnosis. Even with high-resolution images, if clinicians do not
properly inspect them or over-rely on potentially flawed algo-
rithms, diagnostic accuracy is compromised. This means that
future improvements in RGC imaging require a multi-pronged
approach: continued technological refinement combined with
enhanced education, standardized image analysis protocoals,
and potentially Al-driven tools to assist in interpretation, thereby
bridging the gap between data acquisition and meaningful clini-
cal insight.

2. Optical Coherence Tomography Angiography (OCTA)

OCTA s highly susceptible to motion artifacts due toits rela-
tively prolonged acquisition times, which can manifest as verti-
cal bands or duplication of vessels on the angiography map.
A high number of poor-quality images have been reported in
studies, which can compromise diagnostic reliability [51]. Media
opacities, such as vitreous opacities, and inadequate pupillary
dilation can significantly degrade scan quality and the accurate
quantification of vessel densities. Current OCTA technology pri-
marily visualizes superficial retinal vessels effectively but strug-
gles with deeper retinal and choroidal vasculature due to projec-
tion artifacts, which can obscure true deep-layer microvascular
dropout [52]. OCTA measurements generally exhibit lower re-
producibility compared to structural OCT measurements, which
is an important consideration for monitoring disease progres-
sion. Furthermore, measurements obtained from different com-
mercially available OCTA algorithms vary significantly, limiting
their interchangeability and comparability across platforms [53].
Similar to OCT, vessel density reduction on OCTA can reach
a “floor” at more advanced disease stages, potentially limiting
its ability to monitor progression in very severe cases. OCTA
parameters are also influenced by various factors, including
disease severity, subject demographics (age, ethnicity), diurnal
changes, exercise, and systemic conditions (e.g., hypertension,
diabetes), adding to measurement variability [53]. As a relatively
new technology, there is currently a lack of long-term longitudi-
nal studies evaluating OCTA's ability to detect progression over
extended periods.

V. Gaps in Current Literature and Unmet Needs

Despite the remarkable progress in objective RGC
evaluation, several critical gaps and unmet needs persist within
the current literature and clinical practice. Addressing these
areas is crucial for further advancing the diagnosis, monitoring,
and treatment of RGC-related pathologies.
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A. Elucidating the Relationship Between RGC Dys-
function and Irreversible Cell Death

The precise relationship between RGC dysfunction and
irreversible cell death remains poorly understood. While it is
recognized that cellular dysfunction often precedes irreversible
cell death, the exact mechanisms and temporal dynamics of this
transition are not fully elucidated. Current objective methods,
while sensitive, do not always clearly differentiate between a
cell that is merely dysfunctional (and potentially salvageable)
and one that is irreversibly destined for apoptosis. A deeper
understanding of this continuum is essential for identifying the
optimal therapeutic window for neuroprotective strategies.

B. Overcoming Subtype Specificity and Heterogeneity
in Assessment

The existence of up to 30 distinct RGC subtypes, each
with unique functional properties and differential vulnerability
to disease and treatment, presents a significant challenge
[1]. Current evaluation techniques may selectively identify
or inadvertently overlook particular subpopulations, thereby
limiting their comprehensive appropriateness as measures
of overall RGC survival and function [1]. There is a pressing
need for methods that can broadly capture all RGC populations
or, ideally, tools that can specifically differentiate and quantify
dysfunction within vulnerable subtypes. This would allow for
a more nuanced understanding of disease pathogenesis and
targeted therapeutic interventions.

C. Enhancing the Clinical Utility and Accessibility of
Advanced Imaging

While Adaptive Optics (AO) offers unprecedented cellular-
level resolution for RGC imaging [53], its current limitations
in clinical settings are substantial. These include high cost,
technical complexity, long acquisition times, inconsistent
image quality, and the lack of a standardized database for
interpretation [53]. The current restriction of most AO devices to
research use highlights a significant gap in translating cutting-
edge technology into widespread clinical benefit. There is a
critical unmet need for more user-friendly, cost-effective, and
faster AO systems that can seamlessly integrate into routine
clinical workflows.

D. Improving the Diagnostic Accuracy and Reprodu-
cibility of OCTA

Optical Coherence Tomography Angiography (OCTA), while
a promising tool for assessing RGC microvasculature, faces
limitations in image quality, susceptibility to artifacts (e.g., motion,
projection), and lower reproducibility compared to conventional
OCT [49]. The variability in measurements across different
commercial algorithms also limits their interchangeability.
Addressing these technical challenges is crucial to enhance
OCTA's reliability and consistency in detecting early vascular
changes and monitoring disease progression. There is also
a need for long-term longitudinal studies to fully validate its
predictive capabilities.

E. Bridging the Translational Gap for Promising Electro-
physiological Methods

The classification of some promising objective methods,
such as PERG, as “experimental/investigational” by certain
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medical policies [58], despite evidence of their utility in early
detection and predicting progression, highlights a significant
translational gap. This is not merely a bureaucratic hurdle but
reflects a critical need for larger, longer-duration, multi-center
studies to provide the robust evidence required for widespread
clinical adoption and reimbursement.

VI. Suggestions for Future Research

Future research in objective RGC function evaluation
should focus on several key areas to address the identified
gaps and limitations, ultimately leading to more effective clinical
management of RGC-related diseases.

Developing Multimodal and Integrated Assessment
Platforms. Future efforts should prioritize the development of
integrated multimodal platforms that combine the strengths of
various objective methods. This would involve fusing functional
electrophysiological data (PERG, PhNR) with high-resolution
structural (OCT, AO-OCT) and microvascular (OCTA) imaging.

Investigating RGC Subtype-Specific Biomarkers. Given
the significant heterogeneity of RGCs, future research must aim
to identify and validate objective biomarkers that are specific
to individual RGC subtypes. This could involve refining existing
electrophysiological and imaging techniques to selectively
probe or visualize particular RGC populations, or developing
novel methods that leverage genetic or molecular markers.
Understanding how different RGC subtypes respond to disease
and treatment will enable more precise diagnostic criteria and
the development of highly targeted therapies.

Longitudinal Studies and Normative Databases. There is
a critical need for large-scale, long-term longitudinal studies to
track RGC function and structure in diverse patient populations.
Such studies are vital for establishing robust normative
databases across different age groups and ethnicities, which are
currently lacking for many advanced techniques. Longitudinal
data will also be crucial for validating the predictive value of
emerging biomarkers, understanding the natural history of RGC
degeneration, and assessing the long-term efficacy of new
treatments.

Artificial Intelligence and Machine Learning Integration.
The integration of artificial intelligence (Al) and machine
learning algorithms holds immense promise for objective RGC
assessment. Al can be leveraged to analyze large datasets
from OCT, OCTA, and electrophysiological tests, potentially
identifying subtle patterns of RGC damage that are imperceptible
to the human eye. Al could also assist in automating image
segmentation, correcting artifacts, and providing more accurate
and reproducible measurements. Furthermore, Al-driven
predictive models could help stratify patient risk, forecast
disease progression, and personalize treatment strategies
based on individual RGC profiles.

Exploring Novel Neuroprotective and Regenerative
Strategies. Objective RGC assessment methods are critical
endpoints for evaluating emerging neuroprotective and
regenerative therapies. Future research should continue to
explore novel approaches such as gene therapy, stem cell
transplantation, and neurotrophic factor delivery aimed at
increasing RGC survival, promoting axon regeneration, and
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restoring visual function. Objective functional and structural
measures will be indispensable for assessing the efficacy of
these interventions in preclinical models and clinical trials.

VII. Conclusions

The objective evaluation of retinal ganglion cell function
is a comnerstone of modern ophthalmology and neuro-
ophthalmology, driven by the inherent limitations of subjective
visual field testing in detecting early RGC damage. RGCs,
as the sole output neurons of the retina, are critical for
vision, and their dysfunction or loss is central to numerous
debilitating conditions, most notably glaucoma. The field has
witnessed a continuous ‘“resolution revolution”, progressing
from broad electrophysiological assessments to highly specific
structural and microvascular imaging, and now to cellular-level
visualization.

Pattern  Electroretinogram  (PERG), Visual Evoked
Potentials (VEPs), and Photopic Negative Response (PhNR)
provide objective functional insights into RGC activity, with
PERG and PhNR demonstrating particular sensitivity to RGC
dysfunction, often preceding detectable structural loss. Optical
Coherence Tomography (OCT) and its advanced variant, OCT
Angiography (OCTA), offer precise structural and microvascular
quantification of RGC layers and their blood supply, proving
invaluable for early diagnosis and monitoring.

Despite these advancements, significant challenges
persist. The heterogeneity of RGC subtypes complicates
comprehensive assessment, and the precise relationship
between RGC dysfunction and irreversible cell death remains
an area requiring further elucidation. Current methods face
limitations related to technical artifacts, reproducibility, and
the “floor effect” in advanced disease. Furthermore, the
translation of cutting-edge technologies into routine clinical
practice is hindered by high costs, technical complexity, and
a lack of standardized normative databases. The ongoing
debate regarding the “experimental” status of some promising
electrophysiological tests highlights a critical translational gap
that requires robust, large-scale validation studies.

Future research must focus on developing integrated
multimodal assessment platforms, enhancing the clinical utility
and accessibility of advanced imaging, investigating RGC
subtype-specific biomarkers, conducting extensive longitudinal
studies, and leveraging artificial intelligence for improved data
analysis and clinical decision-making. These efforts, coupled
with continued exploration of novel neuroprotective and
regenerative therapies, will be crucial for advancing the early
diagnosis, precise monitoring, and ultimately, the preservation
of vision in patients affected by RGC pathologies.
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of optic nerve damage development (literature review)
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Abstract

The review highlights the current state of knowledge regarding fluid circulation in the posterior segment of the eye and
its potential role in optic nerve damage. Compared to the anterior segment, the mechanisms governing fluid dynamics
in the posterior segment remain underexplored. Recent hypotheses suggest that the retina and optic nerve possess their
own clearance system, operating either autonomously or in conjunction with the brain’s lymphatic system. This system
is thought to facilitate metabolic waste removal through intraocular, cranial, and interstitial fluid exchange. A better
understanding of these processes may contribute to improved diagnostics and novel therapeutic approaches for optic
neuropathies.

Aim: To analyze literature data on the impact of impaired fluid circulation in the posterior eye segment on optic nerve
damage mechanisms.

Methods: A systematic literature review of 44 sources.

Key findings: The optic nerve allows for bidirectional fluid exchange between the eye and brain. Under normal
conditions, perfusion is maintained by the lamina cribrosa, the distribution of subarachnoid spaces, and aquaporin-4
(AQP4) channels.

The role of the ocular lymphatic system in optic nerve function remains uncertain. It is hypothesized that it may interact
with the brain’s lymphatic system, influencing intraocular, interstitial, and cerebrospinal fluid dynamics.

Disruptions in these processes may contribute to conditions such as high myopia, optic disc drusen, inflammatory optic
neuropathies, and neurodegenerative diseases.

The slowing of fluid transport may coincide with reduced axonal transport, leading to the progression from neuropathy
to optic nerve atrophy.

Conclusions: Dysregulated fluid circulation in the posterior segment of the eye may play a role in optic nerve
damage. Enhanced diagnostic techniques focusing on ocular hydrodynamics could provide valuable insights into
disease mechanisms. Furthermore, interventions targeting fluid regulation may offer therapeutic potential for optic
neuropathies.

Key words: optic nerve, ocular lymphatic system, translaminar gradient, high myopia, optic disc drusen, inflammatory

optic neuropathy.

Introduction

Most scientific research is devoted to the functioning of
the anterior (so-called convection) pathway: the trabecular
meshwork, juxtacanalicular tissue and Schlemm's canal and
collecting ducts, from where the fluid flows into the episcleral
venous system [1, 2]. The unconventional pathway of fluid
outflow is through the uveoscleral space [3].

The transport and exchange of fluids (blood, intraccular,
intercellular fluids, metabolic products) in the posterior part of the
eye have their own characteristics compared to the anterior part
of the eye. The disorder can be considered in the hypotheses
of the development of both acute and chronic diseases of the
choroid, retina and optic nerve.

Regarding the optic nerve, the question arises about the
regularity and interrelationship of fluid circulation, perfusion
and reperfusion, as well as axonal transport in the anti- and
retrograde directions. Also, the understanding that the slowdown
of such processes lies at the basis of the transformation of
neuropathy into optic nerve atrophy, and therefore the possibility
of restoring structure and function.

That is why the study of the features of fluid transport and
exchange in the back of the eye is important in the study of
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diseases of the optic nerve, and the correction of disorders of
such circulation could be used for therapeutic purposes.

The transport and exchange of fluids in the posterior part
of the eye is less well understood than in the anterior part. An
interesting theory is the lymphatic system of the eye, which
explains the exchange and clearance of metabolic products of
the choroid and retina through a system of interactions between
intraocular, intracranial and intercellular fluids.

The authors of this theory borrowed data on the circulation
of cerebrospinal fluid in the brain [4] and suggest that the
purification of the retina and optic nerve from metabolic products
may occur according to similar laws [5, 6].

The term brain lymphatic system was first introduced in
2012 (Fig. 1) [4]. According to the authors’ theory, an experiment
in mice has shown that cerebrospinal fluid enters the brain
along periarterial channels for exchange with extracellular fluid,
and extracellular fluid is removed from the brain via perivenous
pathways, from where it moves to the lymphatic vessels of
the neck and, ultimately, to the systemic circulation [4]. It is
suggested that the perivascular spaces of the retiha may
provide a similar function in the eye as in the brain [7].
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Fig. 1. The lymphatic system of the brain and eye. Legend: in the brain 1A cerebrospinal fluid (CSF) is produced and transported
into the subarachnoid space, opens into the periarterial inlet; 2A in the brain there is an exchange of CSF and intercellular fluid
(IMF); 3A perivenous outlet; in the eye 1 intraocular fluid is produced, 2 exchange of intraocular fluid with IMF in the retina; 3
perivenous outlet; 4A, 4 lymph nodes; 5 retina, 6 ethmoid plate, 7 lymphatic drainage, 8 cranial nerves, 9 choroid plexus [44].

Proponents, based on experimental studies, argue that
the ocular glymphatic system in the posterior segment of the
eye operates through four functional segments [8]. Aqueous
humor is produced by the ciliary body (first segment) and enters
the retina after passing through the vitreous humor (second
segment).

The third segment - aqueous humor mixes with the interstitial
fluid of the retina, and excess fluid is transported along the
axons of the ganglion cells through the reticular lamina, from
where the fluid spreads into the perivenous spaces and through
the supporting aquaporins - 4-channels (AQP4).

Infraocular and intracranial pressures (translaminar
gradient) are important in ensuring the transport of fluid through
the reticular lamina. Light-induced pupil constriction accelerates
the movement of intraocular indicators into the optic nerve, which
is supported by smooth muscle pressure contractions, and also
promotes fluid migration into the posterior compartment.

Fourth segment: Intraocular excretion markers (e.g.,
amyloid-R) exit the eye along retinal ganglion cell axons and
then enter the perivenous spaces with subsequent lymphatic
drainage to the cervical lymph nodes.

The optic nerve also has a system that circulates
cerebrospinal fluid in its various parts along the central retinal
artery [9], and therefore, presumably, this is where the lymphatic
system of the eye (the third and fourth components) and the
brain mix or interact. In particular, it is known that intraocular
fluid, intercellular fluid of the retina and brain, and cerebrospinal
fluid circulate in the optic nerve, and therefore it is important
to understand the mechanisms that provide a balance between
them to ensure the functioning of the nerve.

The question arises whether the optic nerve has its own
separate glymphatic system, or whether it interacts with the
lymphatic system of the brain [8].
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Itis known that the fluid in the optic nerve spreads due to the
peculiarities of the structure of the nerve itself and the position of
the subarachnoid space, which in the bulbar segment consists
of trabeculae (similar to the trabeculae in the anterior segment
of the eye), in the middle orbital segment - of septa and pillars,
and in the tubular part contains both trabeculae and pillars (Fig.
2)[1].

Fig. 2. Distribution of subarachnoid spaces in the intraocular
(a), intraorbital (b) part and in the optic nerve canal (c).

It also remains unclear how the circulation of intraocular
fluid, intercellular fluid of the retina and brain, and cerebrospinal
fluid in the optic nerve coordinate with blood, and also change
under conditions of atmospheric pressure fluctuations.

The expression of aquaporin-4, which belongs to the
third segment of the glymphatic system of the eye, has been
established in the retina and optic nerve [12], and is also
interesting in the context of studying the possibility of developing
optic nerve damage.

2025, TOM 14, Bpoit 1



BbJITAPCKU ®OPYM ITTAYKOMA / BULGARIAN FORUM GLAUCOMA

Thus, it can be assumed that disturbances in the circulation
of fluids in the posterior segment of the eye may be among the
hypotheses regarding optic nerve damage. Similar processes
are studied in the pathogenesis of Alzheimer's disease,
glaucoma [13] and age-related maculopathy [14].

We propose to consider the possibility of a similar
mechanism in the development of acute optic neuropathies,
which will subsequently make it possible to correct them.

The goal is to identify disorders of fluid circulation in the
back of the eye in the mechanisms of optic nerve damage
development, according to the literature.

Methods

Methods - literature search of 44 sources.

Results

Possible hypotheses regarding factors that lead to impaired
circulation of fluids in the back of the eye. Translaminar
circulation.

1) Deformation of the ethmoid bone, when it loses its ability
to provide a balance between intraocular and intracerebral
pressures [15].

The ability to tolerate pressure differences depends on
many factors, such as the elasticity, stiffness, and geometry
(thickness, shape, or curvature) of the lamina propria and
connective tissue around the optic disc, which is determined by
genetic predisposition, race, or age [16].

Eyes with a stiffer lamina may be more resistant to
deformation. Eyes with a thinner lamina are more sensitive
to deformation. Regardless of the sensitivity to deformation,
a thinner lamina also contributes to increased translaminar
pressure as a result of a reduced difference between the
intraocular and retrolaminar spaces, which may limit both
antegrade and retrograde axoplasmic transport [17].

2) High-grade myopia, when the eyeball is enlarged, leads
to deformation and densification of the reticular lamina. It has
been hypothesized that the complications of myopia may be
due, to some extent, to inflammation. The authors suggest that
multiple autoimmune foci of damage occur between the choroid
layers [18].

In high-grade myopia, according to the author, the likelihood
of multiple transient white spots syndrome and acute idiopathic
blind spot enlargement syndrome increases. This is explained
by the blockage of the exchange between intraocular and
interstitial fluids and impaired cleansing of the posterior segment
of the eye.

Multiple transient white spot syndrome which is of
autoimmune origin, is characterized by unilateral yellowish-white
foci on the fundus, slight swelling of the optic disc, decreased
visual acuity, and visual field defects [19].

Idiopathic blind spot syndrome is characterized by normal
visual acuity, fundus, and pupillary response. It causes scotomas
in the projection of the optic disc. Electrical retinography in such
cases reveals a decrease in the activity of the peripapillary retina.
A similar phenomenon is also explained by the occurrence of
inflammation and possible occlusion of the choroid capillaries
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around the optic disc, which presumably leads to impaired
transport and fluid exchange in the posterior segment of the eye
caused by secondary ischemia of the outer retina [20].

Under adverse conditions, when ischemia becomes more
pronounced, compensatory non-dilation of the inner retinal
vessels and vascular neoplasms are provoked [21, 22].

In severe cases, acute myopic optic neuropathy occurs [23].
In this case, in an enlarged eyeball with a dense sclera, the
pressure of the episcleral veins (through which intraocular fluid
flows) increases and the optic nerve is damaged [24].

Mechanical optic neuropathy results from critical
atmospheric pressure fluctuations associated with air travel or
deep diving in the presence of a deformed reticular formation.
Symptoms are attributed to gravitational forces or acceleration-
deceleration forces during aircraft landing [25]. Such forces
can cause mechanical stretching of the already deformed and
elongated optic nerve and eyeball, which occurs in high-grade
myopia. This results in a transient decrease in acuity associated
with changes in aqueous humor outflow [26].

It is believed that rapid acceleration during aircraft landing
can cause a critical increase in venous pressure. This will cause
blood to pool in the lower extremities, leading to ischemia and
hypoxia of the brain and eyes with temporary loss of central or
peripheral vision and loss of consciousness [27].

It is believed that the reticular formation, which should
balance intrathoracic, abdominal, and cranial hydrostatic
pressures, is stretched and thinned due to myopic morphological
changes, and therefore loses its ability to tolerate. Therefore,
the pressure gradient exerted on the deformed optic nerve leads
to even more significant damage after increases in intracranial
pressure caused by free fall during airplane landing or deep
diving [28].

In the process of myopia progression, there is an increase
in the aperture of the scleral flanging foramen around the optic
disc, but the size of the nerve itself does not change. Thus, the
posterior surface of the peripheral part of the ethmoid plate is
exposed. Its shock-absorbing properties are lost in relation to
the optic nerve head, which is exposed to the influence of orbital
cerebrospinal fluid, which leads to acute optic neuropathy under
conditions of critical fluctuations in hydrostatic pressure [29].

Optic nerve head drusen are often an incidental finding
during fundus examination. They can be located superficially
or in deep structures, even between the cells of the reticular
lamina, limiting its shock-absorbing properties and hindering the
circulation of fluids in the optic nerve.

In rare cases, drusen can combine and thereby worsen
the situation in anterior ischemic neuropathy [30]. In this case,
the tortuosity of the disc venules and capillary hemorrhages
associated with stasis will contribute to the diagnosis of optic
nerve edema. It is this edema of nerve fibers that serves as
an additional factor in limiting fluid circulation in the posterior
segment of the optic nerve. The exchange of intraocular and
intercellular fluid is disrupted, as well as their transport into
the venous collectors of the brain [31, 32]. The fibers are
compressed, and axial transport in both the anti- and retrograde
directions is impaired [33].
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It is also believed that drusen may be a factor in the
development of ischemic ocular lesions, such as central venous
occlusion and neovascularization, which also occur under the
influence of impaired fluid perfusion and the posterior segment
clearance system of the eye [34].

It is noted that ischemic optic neuropathy, caused by optic
nerve head drusen, occurs in younger patients and has a less
favorable course [36].

Orbitopathy

Inflammation of the orbit, which includes both idiopathic
diseases andthe consequences of systemicor local inflammatory
conditions. Often a consequence of neoplasms, infectious
lesions, congenital malformations or trauma. Often combined
with systemic inflammation of the thyroid gland, sarcoidosis,
granulomatosis Wegener's, Crohn's disease, systemic lupus
erythematosus, Churg-Strauss syndrome, Erdheim-Chester
syndrome, histiocytosis X, and giant cell arteritis [37].

Paranasal sinuses

A. Perinasal sinus disease can cause conditions that
mimic demyelinating optic neuritis, with acute optic neuropathy
and pain on eye movement, or can cause progressive optic
neuropathy due to compression [38].

B. Compressive optic neuropathy may be caused by
mucoceles or mucopioceles of the ethmoid andfor sphenoid
sinuses and/or associated swelling and thickening of the sinus
walls. Polyps involving the mucosa of the sphenoid sinus also
cause compression of the nerve. By causing swelling of the optic
nerve, the paranasal sinuses [39] may also cause impaired fluid
circulation in the posterior segment of the eye.

C. The local anatomy of the venous circulation_in the orbital

Astrocytic end-foot

nerve via the local venous circulation with local vasomotor
changes. Secondary inflammatory occlusive vasculitis also
causes optic neuritis [40].

AQP4 plays a role in the circulation of the posterior segment
of the eye, as it facilitates the passage of fluid from nerve cells
into the intercellular space, as well as into the intermembrane
spaces (Fig. 3).

Neuromyelitis optica Devika is a type of autcimmune
disease of the central nervous system that damages the optic
nerve and spinal cord [41]. In this case, damage to astrocytes
causes marked swelling of axons, which may be the cause of
myelin loss [42].

The role of the lymphatic system of the brain or eye in the
development of neuromyelitis optica is still unclear, but it is
known that in this case the immune system produces antibodies
specifically to AQP4 channels along with edema of the optic
nerve, which suppresses the lymphatic system of the eyes and
brain [43].

Discussion

The optic nerve allows for bidirectional fluid exchange
between the eye and brain. Under normal conditions, perfusion
is maintained by the lamina cribrosa, the distribution of
subarachnoid spaces, and aquaporin-4 (AQP4) channels.

The role of the ocular glymphatic system in optic nerve
function remains uncertain. It is hypothesized that it may interact
with the brain’s lymphatic system, influencing intraocular,
interstitial, and cerebrospinal fluid dynamics.

Disruptions in these processes may contribute to conditions
such as high myopia, optic disc drusen, inflammatory optic
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Fig. 3. The role of AQP4 in fluid circulation in the brain spaces.

-apical region may also play a role in the pathogenesis of optic
neuropathy associated with sinus disease. Optic neuropathy
may be associated with the spread of cytokines and/or immune
mediators from the sinuses to the orbital-apical part of the optic
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neuropathies, and neurodegenerative diseases.

The slowing of fluid transport may coincide with reduced
axonal fransport, leading to the progression from neuropathy to
optic nerve atrophy.
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Conclusions
Dysregulated fluid circulation in the posterior segment of the

eye may play a role in optic nerve damage. Enhanced diagnostic
techniques focusing on ocular hydrodynamics could provide
valuable insights into disease mechanisms. Furthermore,
interventions targeting fluid regulation may offer therapeutic
potential for optic neuropathies.
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Conjunctival papilloma

G. Singh
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Abstract

An adult male presented with two distinct conjunctival papillomatous growths, one pedunculated and one sessile on his
left lower lid. The patient was reassured that most of the time these masses turn out to be benign. He was recommended
to wait and watch because frequently the growths regress spontaneously. Patient returned after about two years because
both the tumorous papillomas had doubled their sizes were more angry looking. Patient was concerned about these
being “cancerous”. Surgical excisional biopsy was performed and the tumor bed had intra-operative cryotherapy.
Histopathologically proven benign masses were caused by Human Papilloma Virus (HPV). A brief review of literature
is attempted to highlight the fact that rarely such conjunctival papillomas may develop in adults as well, though more
commonly seen in young children.

Key words: conjunctival neoplasia, conjunctival papilloma, viral papilloma, squamous papilloma, pedunculated,

sessile, benign, recurrence, surgical removal, seeding of lesions, cryotherapy, interferon, mitomycin-C.

Introduction

Conjunctival growths are bothersome to both patient and the
physician. Some growths such as Pinguecula and Pterygium [1 -
2] are quite common and very slow growing. Often, patients are
not much concerned about these initially disfiguring growths.
On the other hand, some growths such as papillomas, follicular
concretions, chalazion granulomas etc. become worrisome
to the patients because of their rapid growth and the concem
of these being cancerous. Most of these conjunctival growths
are usually benign but some turn out to be malignant. Either
because of pain and redness associated with such growths or
their rapid progression compels patients to seek medical help.
Conjunctival papillomas [3 - 8] belong to the latter group; these
look awful and their rapid growth is taken by the patients as
“cancerous”. | encountered such a case which is worth sharing
with brief review of literature.

Case Report

A 56 years Afro-American, otherwise healthy male, initially
presented with “something growing inside the left eye”. He first
noticed redness and something growing inside the left lower lid
over a year ago. He denied any recent trauma, pain, redness,
discharge, systemic tumors diagnosis, or exposure to any new
sexual partner. Ocular examination was within normal limits and
without any significant ocular findings. Vision and intraocular
pressure were within normal limits.

Left lower tarsal conjunctiva had two globular papillomatous
growths, one in nasal inferior fornix and close to caruncle,
the second growth on the tarsal conjunctiva close to lid
margin. These measured about 1.5 x 0.5 cm and 1.0 x 1.0 cm
respectively. Based on the initial clinical examination, patient was
explained and reassured that the growths or masses seemed
papillomas, most likely benign and of viral etiology. Most of
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these growths are known to undergo spontaneous regression.
But, the patient had already experienced these growths were
not regressing spontaneously, rather were gradually growing
bigger. Based on his history of gradual progression of both the
lesions he was advised surgical excisional biopsy before those
grew larger or implanted seeds for more papillomatous growths.
Patient wanted to think it over and discuss with the family before
scheduling surgical procedure.

Fig. 1. Two distinct papillomatous neoplasia/ growths in left
inferior fornix (within blue arrows) seen on initial encounter
(June 2020).

It was almost two years later that the patient returned for
reevaluation of the growths. The masses had grown significantly,
exposed and extruding between the eyelids on lid closure all
the time. Lately, he had been observing whitish discharge on
the surface of the nasal growth. Cosmetically disfiguring mass
with “infected appearing” discharge forced the patient to seek
medical advice. On close questioning, patient revealed that he
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Fig. 2. Same two papillomatous neoplasia/ growths (within
blue arrows) look confluent after about two years (April 2022).

Fig. 3. Large papillomatous neoplasia (growth) with
mucopurulent discharge extruding between the closed left

eyelids forced the patient, after about two years, to seek
medical help.

Fig. 4. Same left lower lid as seen immediately post-excisional
biopsy of tumorous papillomas and local cryotherapy of the
beds of both neoplasias.

did not have medical insurance or enough finances two years
ago for the surgical procedure recommended. Also, patient took
it less seriously when he was explained on initial visit that it
appeared to be “benign growths®. As he got medical insurance
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now and was getting concerned for it to be cancerous or infected
with whitish discharge that he returned for proper management.

The clinical examination showed the nasal and fornix-based
mass had grown to 2.5 ¢cm x 1.25 cm pedunculated and the
tarsal conjunctival mass had grown to 2.0 ¢cm x 1.0 ¢cm sessile
tumors. There was no new papilloma on conjunctiva of either
eye. Patient signed informed written consent for “excisional
biopsy" of both the conjunctival papillomas while understanding
the risks of recurrence and/or new mass or masses. Under local
infiltration anesthesia, both masses were excised in one-piece
each. Nasal pedunculated tumorous growth was excised without
much dissection but the tarsal conjunctival growth required large
sharp dissection to excise the entire mass. Hemostasis was
achieved with thermal cautery without complications. Both tumor
bases were treated with cryotherapy to prevent recurrences and
to destroy any seedlings dropping from the primary tumors. The
eye was freated with combination of antibiotics steroid ointment
(neo-poly-dex ointment) three times a day for two weeks and
then twice a day for another week. Histopathologic examination
confirmed the growths to be of viral etiology and benign in
nature. A month later, patient healed well and without any signs
of tumor recurrence or new masses.

Comments

Conjunctival papillomatous neoplasia are more commonly
seen in very young children [3 - 8]. Most of the time the culprit
virus gets implanted onto conjunctiva of the newbom during
its passage through the infected matemal birth canal [9]. This
could lead to uniocular or binocular conjunctival neoplasia as
solitary or multifocal masses. The virus is transmitted by direct
contact as happens during parturition [3 - 9]. But, our patient is
middle aged male adult. It suggests that it might have happened
by contaminated hands or fingers during sexual contact.
Though rare still papillomatous neoplasia of conjunctiva can be
encountered in adults [3 - 8], as seen in our patient.

Human Papillomavirus (HPV) is one of the members of
Papovavirus family of viruses [3 - 8, 10 - 15]. Conjunctival
papillomas are most commonly caused by HPV 11 but HPV 6,
6a and 45 have also been associated with this neoplasia [3 - 8,
10 - 15]. HPV is tumorigenic and leads to benign cauliflower
shaped or multipronged finger like angry looking growth; rarely
is may change to be malignant. Most of the lesions are seen
involving the caruncle or in its close proximity. The variant seen
more commonly in adults could be sessile, not pedunculated,
and mostly as alimbal mass [3 - 8]. The case in discussion had
one pedunculated cauliflower shaped mass close to caruncle but
growing from the inferior conjunctival fornix. The second lesion
was sessile and spreading on the tarsal conjunctiva almost
adjacent to the lid margin. Most of the times, the tumorous mass
is a very slow growing mass. Usually, it is more disfiguring when
it protrudes between the lids than its being malignant.

Our patient is a typical example of its slow growing nature.
On his initial visit, patient had a significantly large sized mass
that brought him to seek medical help. He was aware of only
this nasal cauliflower shaped mass that was getting to be more
and more disfiguring than causing any other symptoms. It had
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been growing for at least over a year as patient could recall. He
was even unaware of the small lesion on the tarsal conjunctiva
almost in the middle of lower lid. During his second visit both the
tumor masses had grown to be almost twice their size in about
two years. These slow growing papillomatous masses, often
being asymptomatic, are frequently ignored by the patients till
they become large and disfiguring. Our patient had a similar
history and was getting concerned when he started to have
a whitish gray discharge in the nasal canthal area and on the
growth in the affected eye.

The patients are initially reassured and recommended to
wait and watch because most of the times these are “benign
neoplasias®. Also, it is known that frequently the lesions regress
spontaneously over time [3 - 8, 16]. Surgery is postponed
because of an associated potential risk of recurrences [3 -
8, 17 - 18], along with seeding and more lesions developing
while excising the papilloma [3 - 8, 17 - 18]. This patient was
accordingly reassured and recommended to watch the natural
course of the initial lesions. As we saw, over next almost two
years both the lesions did not regress, rather grew to double the
size and became disfiguring. At that stage surgical excision and
histopathology were indicated. Excisional biopsy was performed
under local infiltrative anesthesia. The masses were excised in
one piece each with due care not to leave behind the edges
of the masses. Pre-operatively, the patient was made aware of
the fact that despite the best efforts and clean dissection there
were potential risks of recurrence and seeding with multiple
secondary papillomas. After achieving hemostasis with thermal
cautery the tumor bed was treated with cryotherapy to prevent
recurrence or seeding problem. One month post-operatively
there were no signs of recurrence or secondary papillomas from
seeding.

Numerous modalities have been used as adjunct therapies
to surgical excision of conjunctival papillomas, but mostly to
treat recurrences or recalcitrant squamous papillomas [19
- 20]. These include dinitrochlorobenzene immunotherapy
[19], intra-muscular Interferon injections [20 - 23], topical
adjunct application of mitomycin-C after excision [24], oral
Tagamet (Cimetidine) [25 - 26], Carbon-dioxide (CO,) laser
[27 - 28], cryotherapy [29], thermal and electrodessication and
intralesional bleomycin [4] etc.
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Pesome

I'mayxoMmara B IETCKA Bb3PacT MPOABIKABA 1A € CEPHO3HO U 3HAYUMO 0YHO 3a00/IABAHE OT ITIEIHA TOYKA HA IPHYHHHTE
3a CJIENOTAa U PAHHA HHBATHIHOCT [0 3PEHUE B CBETOBEH MAIao.

B ceBpemeHeH acniekT TepMuHsbT ,,Cuaapomua raykoma™ (CI) odenuHsABa rIayKOMUTE, IPUYHHA 32 BB3HUKBAHETO HA
KOUTO HAH-4ECTO ca MATONOTHYHH MYTAIMHU B A0KAa3aHH re’Hd. B naxon coyywau CI” moske ma Obae IMarHOCTHIMPAHA
MPH HOBOPOACHOTO ACTE, HO B OOMIIHHCTBOTO OT CAYYAHTE C€ AHATHOCTHIIMPA B MO-KBCHA ACTCKA BB3PACT, & B HAKOH
CIyYaH U TIPH BB3PACTHH HHIUBHIH.

Cnen 2000 roqnHa TPOYYBAHHATA HA KOPETAUHHTE (DEHOTHIT-TEHOTHIT U HA KOPETAITHHTE FeHOTHTI-()EHOTHTI HA BPOACHO
JICTEPMUHHPAHUTE TIAYKOMH ca 00CKT Ha IHPOKH MPOYYBAHMS W IHCKYCHH B CBETOBEH Mamrad.

B cTatmsiTa ce MpeacTaBAT CHBPEMEHHHTE KIHHHKO-TCHETHYHH ACTCKTH HA HAKOH OT BPOACHO-ACTCPMHHHPAHHTE
OYHU M CHCTEMHH 3a00/IBaHMA, ACOLMUPAHH C TIAYKOMA B JIeTCKa Bb3pact. CrioaeseH e 39-roAuIIeH IUYCH OIUT.
KiiouoBH aymMH: [OETCKAa INIAyKOMa, CHHAPOMHA [IAYKOMA, MPEIHOCErMEHTHH JHMCTCHE3HH, KIMHHKO-TEHETHYHU
MPOYYBAHHS.

Abstract

Childhood glaucoma continues to be a serious and significant eye disease in terms of causes of blindness and early
visual disability world wide.

In a modern aspect the term ,,Syndromic Glaucoma™ (SG) encompasses glaucomas that are most often caused by
pathological mutations in proven genes. In some cases, SG can be diagnosed in newborns, but in most cases it is
diagnosed in later childhood, and in some cases in adults.

After 2000, studies of phenotype-genotype correlations and genotype-phenotype correlations of congenitally determined
glaucomas have been the subject of extensive research and discussion world wide.

The article presents the contemporary clinical and genetic aspects of some of the congenitally determined ocular and

systemic diseases associated with childhood glaucoma. 39 years of personal experience shared.
Key words: childhood glaucoma, syndromic glaucoma, anterior segmental dysgenesis, clinical-genetic studies.

BbBeneHue

[Lletckata rnaykoma vuma cBOUTE KIMHWYHM W €TUONOTMYHM
0cobeHOCTH, KOUTO 5 OTNKMYaBaT OT rnaykomara npu Bb3apacT-
HUTE - psAka OYHa NaTonorus, No-4ecTo e BPOAEHa, B HAKOM
OT CllyYauTe MoXe aa Wma Buauma 1 Bes cneuranHa onTuka
naTonornyHa AMCMoptriHa O4YHa CUMMTOMATVKa OT NPeaHus
o4eH cermeHT ([10C), rnaykomHaTa naTonorua U CUHAPOMHUTE
W3sBK TpsbBa Aa ce TbPCAT HACOYEHO, NPUYMHNTE 38 Bb3HMK-
BaHETO N ca Hali-YecTo reHeTudHmn [12, 13, 20, 21, 24, 29,
31, 32]. Oetckata rmaykoma ([iI) cweraenssa obwo 7% ot
cnenotarta npu Jela B cBeToBeH malyab [14, 34].

WMHdopmaunsTa 3a rnaykomata BbB BCEkW €fuH OT
acrekTuTe N - KNWHUYEH, eTUONOTMYEH, KIMHUKO-TEHETHYEH,
couvaneH, Oe 3a nopefeH MbT OCbBPEMeHeHa W HaarpageHa
cnes 2000 roguHa, BrnYMTENHO Y Hac. OTaaBHa e W3BEeCTHO,
Ye rnaykomHa natoforusi 0e3 oueHka Ha BLTPEOYHOTO
HandraHe (BOH) W Ha CbCTOAHMETO HA BCUMKM OYHM CTPYK-
Typu ot MOC u 3agHus oveH cermeHT (30C) He BMHarM e
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Bb3MOXKHA M He e locTaTbyHa 3a [oKa3BaHe Ha KoHKpeTHaTa
I KMMHWYHa chopma, ocobeHo B aeTcka Bb3pacT [12, 29, 31,
35]. OcbBpemeHABaHeTO Ha KnacudukaLuuTe 3a rmaykoma ¢
MeXOYHapOAHO NPUNOXEHWe, LWMPOKOTO BbBEXAaHEe W npuna-
raHeTo Ha HOBMW, NO-BMCOK KNac anapati v AUruTasnHin MeToam 3a
JuarHocTuka Ha rnaykomata (OCT, KOMNIOTLPHA NepuMeTpus,
naxumeTpus, De3koHTakTHa TOHOMETPUS U Ap.) AONPUHECOXa
3a paHHarta it jmardo3a, 06sicHeHVeTO Ha NaTosoruyHUTE rnay-
KOMHM NPOLECH, NPELM3NPAHOTO feYeHme.
KNMHUKO-TeHETMYHWTE acnekTW Ha BpofdeHaTa rnaykoma
(BI) ca oTaaBHa 0beKT Ha Npoy4BaHus, A1CKYCUN, NPeAcTaBsHe
Ha Hay4HW dopymu, HaarpaxgaaHe, BKMKOYMTENHO y Hac [1 -
6, 11, 13, 16, 17, 19 - 23, 25, 28, 32]. Cneq npuknto4BaHeTo
Ha [eHOMHMTe MpOeKTW 3a MEHHO KapTupaHe Ha YOBELKMS
reom (2000; 2003) ce oTKpu HOBa epa - MOCTTEHOMHA
epa 3a KIMHWKO-TEHETWYHOTO M3y4aBaHe Ha MpuUYMHWTE 3a
HacreacTBeHnTe 3abonfABaHUA Npy YoBeKa, PECneKTWBHO 3a
HacneacTBeHWTe 3abonaBaHua Ha spuTenHata cuctema [2, 4].
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Pepuua MonekynsipHO-TeHETUYHW MPOYYBaHWA [OKa3axa, ue
XETEPOreHHOCTTa W XeTepoanenHocTTa ca NpuynHa 3a LUMPOK
KMUHUKO-TeHeTuYeH nonumopdmabm (KII) npu Hskon chopmm
Ha Bl. CbBpemMeHHUTE MyNTUAMCUMNIMHAPHUA NPOYYBaHNUSA Ha
Kopenauuute (PEeHOTUM-TEHOTUN W Ha KOpenauuuTe reHoTwn-
(beHOTUN Ha BPOOEHO AeTEpPMUHUPaHUTE rmaykomu ca obekT
Ha CnofensHns W JUcKycun B cBeToBeH Malab [3, 4, 6, 25].

Len
ﬂa Ce npoeefe CbBpeMeHeH nperneg Ha CMHOPOMHWATE
cbopmmn Ha rmaykoma B 1eTCKa Bb3pacT.

Matepwan u metoam

lMpoBeneH e nutepatypeH 0630p Ha JOCTLMHATA NUTepa-
Typa no npobnema ,CuHgpomHa rnaykoma“. [NpegcraBeHn ca
NUTEPaTYPHI AaHHN 3a [lelja ¢ AoKa3aHa CUHAPOMHa rnaykomMa.
CnopeneH e 39 roguHW NYeH OnuT.

KpaTbK ucTOpMuYecku nperneg Ha TepMMUHa
CvHopomHa rnaykoma

TepmuHonorusTa, CBbp3aHa C rmaykomara B [ETCKa Bb3-
pacT e pasHoobpasHa, 3anoyBa OT aHTUYHO Bpeme C MbPBOTO
OnMCaHWe Ha [BYCTPaHHO CNsno aeTe ¢ ronemu noGenenu
o4u”. ToBa onncaHne ce 3anasga go 70-Te roauHn Ha XIX-Tn
Bek, korato A. Pare (1866 r.) BbBexaa onucaTterHms TepMiH
,Bydranm® (o4nm s6bnkn ¢ abHopmHa ronemuHa), 3a fga ce
oTaudbepeHUmMpa Maykomata OT POXEHWe, OT OnUcBaHaTa
MpWU Bb3pacTHW rnaykoma. B Ha4yanoto Ha XX-Tv BeK € BbBe-
[eH TepMuHbT BpogeHa rnaykoma“ (Bl), a GydranmsT ce
otbenssea KaTo HeilHa OCHOBHa M MbpBa KIMHWYHA Haxomka
[2, 15, 24, 32]. K. TaweB e mbpeUAT ohTanmonor y Hac (a 1
aa cTpanute B EBpona), koiTo otBenssea, ye Bl e npuumHa 3a
[IByO4Ha crnenota cpef npoyyeHute cnenw geua y Hac (1909
r.). Mpunaraikn NpLB reHeanorMyHus MeTod CHLUMAT aBTop
KoHcTaTupa, 4Ye Bl ce Hacnmepnsiea no aBTO30MHO-pELIECMBEH
HaunH (AP), a Npu HAKOWM fJela e CbNPOoBOAEHa C APy OMHM
npomenu [1]. B gocTbnHaTta YyxaectpaHHa nutepatypa ao 40-1e
roguHM Ha XX-TW BEK pasnuyHi aBTOpM W3MON3BaT TEPMUHMTE
.bydranm® unn Bl, unu Xugpodtanm” (J. Anderson, 1939).

TepMuHBT ,CuHOpOMHa rmaykoma“ e BbBedeH npes 40-
Te roguHu Ha XX-Tu Bek, 3a Aa ce yTouHu, ye BI, ocseH ¢
BydTanm, e CbNbTCTBAHA W C APYri OYHW YBPEXaaHWUA W ce
nposBsiBa (haMunHo, KOETO A OTNM4YaBa OT rnaykomara npu
Bb3PaCTHU WHAMBMAM, @ HaYMHa Ha HacneasBaHeTo OCTaea
fa e AP. lpe3 1962 r. geTckuTe rmaykomu ce pasrnexgar
Kato BPoAeHW W NpUaoBuTH (cnef Tpasmu, TYMOpW, Bb3na-
nuTenHu 3abonssaHus U gp.) U B MexayHapogHata Knacu-
(bvKaUmMs Ha MpUYMHUTE 3a CrenoTa oguuManHo BnM3a Tep-
MUHBT Bydbranm® (cuHonum 3a BI). lpes 70-Te roguHu
Ha XX-TW BeK cnefiBa BbBENAHETO Ha HOBW TEpMUHU U
WHchopmaLums 3a rmaykomata B AeTcka Bb3pacT - [naykoma
Ha HoBopogeHoto® (1967 r. - F. Costenbader), ,tOBeHunHa
rnaykoma“ (1970 r. - R. Shaffer), [Jetcka rmnaykoma® (1973 r.
- W. Leydecker). MNpe3 1982 r. Shields BbBexga TepMuHUTE
MbpBuYHa OTKpUTOBLIbNHA rnaykoma (POAG) u [MbpeuyHa
3aKkpuTobrbiHa rnaykoma (PACG), npueTi 3a MexayHapogHa
ynotpeba, a B nocne/sanarta HoBa knacuukauus 3a rnaykoma
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Bl ce pedhuHmpa kato [MbpBUYHa BpoOAeHa rnaykoma, Kato e
BKMtoyeHa B rpynata Ha POAG. Ot 90-Te roanHu Ha XX-T1 BeK
00 AHec KnuHuko-reHeTdHuTe (KM doopmu Ha BIT, kaTo yacT ot
I ce obebxaat Ha HOBO HUBO - B cBeTNNHaTa Ha KI'TT, u3yyasaH
Ha OpraHHO, OpraHW3MOBO WM MOMEKYNAPHOrEHETUMHO HMBO,
CBEOEHMS 3a KOWUTO MMa BKIIOYMTENHO Y Hac [2 - 6, 9, 11, 16,
20, 25, 26, 32, 33]. B eTvionorusTa Ha AETCKUTE O4HM aHOManuu
n 3abonsBaHus, BKMIOYMTENHO Ha [eTckaTa rnaykoma, ce
obicbaar eksoreHHN daktopi (BpoaeHu UHdekuun - TORCH),
yHacnefgHa MyTauus, TEHETUYHA MPeAMCno3vLNs, CroH-
TaHHW MyTauuu, HEYTOMHEeHU chydvau. [uckycunte 3a Bpo-
[eHaTa OYHa naTonorust (QUCMopUM3bM), BKIOYUTENHO Ha
BI', kopecnoHavpat ¢ nepuoaute Ha embBpuoreHesata, opra-
HoreHesaTa M OMdepeHUMaUmMsTa Ha OKOTO W OpraHu3ma,
nocnefoBaTenHo BB BpeMeTo, Ha GasaTa Ha aHaToMW4HaTa
nokanusauus Ha fedektute (KoHKpeTHU 3abonseaHus W Cbe-
TosHus) [2, 4, 24, 27].

B noctreHomHaTa epa TepMuHbT ,CUHOPOMHA rmaykoma”
B fleTcka Bb3pacT obefvHABa BpOAeHO AeTepMUHWpaHWTe
rMaykomu, MPUYWHA 38 BL3HWKBAHETO HA KOWTO Ca MaTtono-
MMYHU MyTaUUM B [I0Kas3aHW TEHW Ha MONEKYNAPHO HUBO, C
HoBW auruTanHu metoam [9, 18). B cbBpeMeHHUTE KOHCEHCYCHM
KIMHUYHM  KnacuduKkauuu Ha rmaykomaTa TepMUHOMorusTa,
KpuTepuuTe 3a OlgHKa Ha AuarHosata, pasfenHoto Knack-
thuumpaHe Ha KMHUYHUTE hopMK - 3a Jela W 3a Bb3pacTHM,
HacoKUTE 3a MPUNOXEHWE Ha rmaykomata ca YHUUUMpaHm.
B knacudmkaumata Ha [l Beye cblUecTBYBA W TEPMUHBLT
CUHApOMHa rnaykoma [12, 29, 35]. B 10-ta u 11-ta peBuaua Ha
MexayHapogHaTa Knacudmkaumus Ha Bonectute npu YoBeka
(MKB-10; MKB-11), kosiTO pYTUHHO 13NON3BamMe B exefHeBHaTa
cu npakTuka, [l e ¢ o6l Kof 3a BCUYKNTE I KNMHUYHU chop-
MW. Jluncea cbBpemeHHa egwHHa K knacudmkaums Ha [T
HacoyeHoTo npoyyBaHe Ha kopenauuuTte eHOTUN-reHoTUN
M Ha KopenauwuTe reHoTWN-PeHOTUN Ha BpPOJEHO AeTep-
MWHWpaHWTE [MaykoMW B MOCTTEHOMHaTa epa ca obekT Ha
U3y4yaBaHe ¢ AWMWTanHU METOAU W CMOAENSAHUS C AMCKYCUM B
ceeToBeH Malab [2, 3,6, 11, 16, 22, 25, 30, 33]. PasHocTpanHa
MHcbopMaLms 3a rraykomarta B AeTcka Bb3pacT MOXe Aa ce
Hamepu B peauua crieumanusupaqin obTanMonoruyHn, reHe-
TUYHA M MEOULMHCKK CIMCaHWs, MOHOrpadum, y4ebHLM, HS-
KOW OOCTBIMHM OHNaiH [1 - 26, 28 - 33, 35, 36].

CVMHIpPOMHM rnayKomm

KnuHuko-reHeTMYHUTE (hOPMU Ha CHHAPOMHUTE [MayKoMu
C Hayano B [JeTcka Bb3pacT ca ABe OCHOBHM rpynu: |.
[maykomu npu NnpeaHocerMeHTHU aucrexean; |l. [naykomm npu
HacneacTBeHW CHCTEMHM cuHapomm [12, 29].

|. F’naykoma npu npeHOCErMeHTHU AUCTEHE3UM

CwmyTeHaTa mopdporeHesa e npiuynHa 3a abHOpPMHU Mpo-
MEHW B KNeTkMTe Ha HeBpanHus rpebeH, UMallyM OTHOLIEHWe
KbM thopmmupaHeTo Ha npeaHata kamepa (1K) n MOC, a ot Tam
1 NPUYMHA 33 MPUOOKOPHEANHa CUMNTOMATUKA B NOCTHATAHMS
nepuoa, CLNpoBoAeHa ¢ abHOpMHO noBMiLeHo BOH.

[peAHOCErMEHTHITE JUCTEHE3NN, aCOLMMPEHH C NMOBULLEHO
BOH unu rnaykoma Brntoysart: [bpBuyHa BpofeHa rnaykoma,
[MpeaHOCErMEHTHI CUHOPOMMW, AHUPUANS CUHAPOM.
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MbpBuYHa BpoaeHa rnaykoma

MKB, 10: Q 15.0; H 40-42; MKB-11: 9C6140; OMIM: 231300,
600975; 613085; 617272; ORPHA: 98976; GARD: 2485.

[MbpBKYHaTa BpoaeHa rnaykoma (MBI), [Primary congenital
glaucoma (trabeculodysgenesis)], e psiako o4Ho 3abonsieaHe B
CBETOBEH MaLLab, Makap YecToTaTa My Aa Nokaaga reorpagcku
paanuymns ot 1:2500, B cpegHo natouHute ctpau; 1:10 000 -
1:12 000 B 3anagHute ctpaHu; 1/18000 - 1/30000 B Espona.
[Mpu KPBBHO POACTBO Ha poauTenute yectotata e oT 5 go 10
MbTW e no-Bucoka [7, 8, 10, 12, 17, 20]. MBI e Haii-YecTata
KnuHuyHa cpopma Ha O [3, 7, 8, 20, 21]. B nepuopa Ha
HoeopogeHoto (0 - 1 Mecell) e psAKo ONKMCBaHa, HaW-4YecTo
ce cpella npv geua A0 3-TOOWWIHA BB3PACT, HO B HSKOU
cnyyau e omucBaHa W cred 3 - 5 roguwHK aeua, ¢ BUaMMa
nasea Ha Oydpranm, cwbnseHe, Gnecpapocnastm. [o-vecTo
ce cpela npu momyetata (65%), B 70% e ¢ aBycTpaHHa
n3sBa. CycnekTHUTe 3a rnaykoma npomeHun ot [10C ca MHOro
W pasnuyHKu Mo JaHHW Ha pasnuuHuTe aeTopu [3, 8, 17, 24,
32]. OyHWTE NpOMEeHW B poroBMUATa (OTOK) M B 3PUTENHUS
HepB (OTOK) Cred CBOEBPEMEHHO MPOBEAEHOTO NEYEHUE U
HopmanuanpaHe Ha BOH umar peBepaubuneH xapaktep.
3aToBa paHHaTa KMWMHWYHA [WarHo3a W CBOEBPEMEHHOTO
OMEpaTUBHO TEYEHUEe WMAT CHLLECTBEHO 3HAYeHWe 3a npe-
[0TBpaTsiBaHe YBPEXOAHETO Ha HEBPOraHrMMAHWUTE KNETKW B
peTWHaTa U 3puTenHus Hepe. WMa onucaHu cnydvan Ha feua
¢ MBI u cbe CnoHTaHHa peBepauBUNHOCT Ha HAKOW OT Mpo-
MeHuTe nopu Ge3 onepaTuBHO neyeHve. BonwwmHcTBOTO OT
cnyyaute Ha geua c MBI ca cnopaguyHy, ot damuntute 10
- 40% ca npw KpbBHO-poacTBeHK Bpakose. PaMunHWUTE ca C
AP HauvH Ha HacnegseaHe M BapuabunHa eKCnpecyBHOCT
ot 40 po 100% ot cnyyaute [10, 25]. Mpw MBI cbliecTByBa
BreyYaTnsBalla XeTeporeHHocT. PasnuyHn cMyLLEHWs B reHe-

TW4HaTa perynauns Ha okynoreHesara B pe3yntar Ha MyTauum
Ha reHu B pasni4Hu reHHM NoKycW ca okasaHa npudvHa 3a
pa3snu4HuTe cybTunose MBI oT A - E (go 2025 r.): 1. GLC3A
(CYP1B1 reH, 2p21 (1995); 2. GLC3B (CYP1B1 reH, 1p36-
36.1 (1997); 3. GLC3C (CYP1B1 reH, 14g24.3 (2002); 4.
GLC3D (LTBP2 reH, 14924.3); 5. GLC3E (TEK reH, 9p21.2
(2016), [3, 6, 10, 11, 16, 17, 20 - 22, 25, 30]. MyTauuuTe B
CYP1B1 gene Bkntousat 87% oT pamunuute cnyvau u 27%
OT criopaguynute. Mo nocnegHu aaHHW B reHa CYP1B1 ca
KOHCTaTupanu 147 MyTauMW, KOMTO BKMIOMBaT missense,
nonsense, frameshift, TepmuHaTopHU MyTauuW, geneuus u
BMbKBaHe CbC 3HauuTenHa xeteporenHocT [10]. Tean myTaumu
ca NpUYMHA 3a Pa3nnyHi No cTeneH AedekTh B pasBUTUETO Ha
TpabekynapHaTa Mpexa W cb3fasaT YCrioBie 3a NoBuLaBaHe
Ha BOH u Bl MonekynapHo-reHeTW4HO M3cneaBaHe npu
HAKoM deua y Hac ¢ MBI gokassa myTaumum B reHa CYP1B1,
a npu Jelia OT POMCKW MPOM3X0f4 ca AoKasaHW MyTauum U B
reHa LTBP2 (Latent transforming growth factor beta binding
protein), KOITO NPUHaANEX| KbM rpynata Ha NpoTeuHWTe Ha
eKcTpaLenynapHns MaTpukc 1 e xomonor Ha tubpuniHa 1
reHa [6, 25, 28]. B gocTbnHaTa nuTepaTypa WMa nybnukawmm
Ha geua ¢ MBI 1 acouynauma ¢ ApYrM OMHW NATONOTMYHU
HaXoaKW MNK CbC cUCTeMHM 3abonsaeaHnsa U mytauun B LTBP2
reHa, KOeTo € OCHOBaHWETO Aa ce npeganonara, Ye ce kacae 3a
MNBr-cungpom [22, 30].

I'nayxoma npu npegHOCerMeHTHU CUHAPOMHU

MKB-10: Q13.9.

TepMHH‘bT I'Ipe.QHocermeHTeH CWMHOPOM BKITHO4Ba onucaHuTe
BPOJEHM (AMCMOPDUYHM) O4HW HAXOLKVM B Ha4anoTo Ha XX-Tu
Bek oT A. Peter (1906), cneg Hero ot Axenfeld (1920), oT Rieger
(1930, 1935), kouTo 3acarat cTpykTypuTe Ha MOC W ca npuimHa

Tabn. 1. CumnTomokomnnekc Ha MNpegHocermeHTHUTe AucreHeTudHU cHapomm (MCAC).

O4YEH CUMNTOMOKOMMMEKC

Twn

1. linpoka v npegHo pasnonoxeHa NuHuA Ha LBanbe (3apgeH embpuoTokcoH) | + | + | + | + | + | + | + | +

2. CTpyKTypHM NPOMEHI B MPUIOKOPHEANHWS BN

3. MNosuwweHo BbTpeoy4Ho HansraHe (37.0 - 70%) + | + + |+ |+ |+ |+
4. BpofieH NpoMeHn B pasMepuTe Ha poroBuLiaTa: MUKPOKOPHes (decTo) unu | + | + [ - | + [ + [ + | + [ +
BydTanm (kato ycroxkHeHe)

5. BpoJeHu poroBu4HM MbTHUHK (Makynu, neskomn) ¢ unu Bes gedbektn Ha | + | + [ - | - [ + [ + | + [ +
fAecliemeTopara MembpaHa

6. Xunonnasus Ha MeseHXUManHua cnoi B upuca + | + |+ |+ |+ |+
7. BpopeHu npegHy CMHEXUK + | + + |+ + |+ |+

8. BpogeHa kopekTonua

9. BpogeHa nonukopna + | + + | + | + | +
10. BpoaeHu LienkoBrgHN 3eHNLIK + | o+ + | o+ +
11. PedbpaKkTHBHM rpeLLKm: o+ | -+ |+

a) XunepmeTponus (BKcoka cTeneH), ¢ unk 6es acTurMannasm > 1.5 ace

+
+
+
+
I+
I+
I+
I+

6) Mvonus (0T feTcka Bbapact), ¢ unk 6e3 acturmatiabm > 1.5 fcde

+
+
+
I+
I+
I+
I+
I+
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3a noeuweHo BOH. Bxe BpemeTo Ao aHec WHopmaumsTa ce
AOMbMBa W paswupsea, a B YecT Ha Peter, Axenfeld u Rieger
CUHOpOMUTE HOCAT uMeHarta um [11, 16, 17, 20, 23, 24, 30, 32].
Ha Tabn. 1 e npeactaBeH CLBPEMEHHWUAT CUMMTOMOKOMMNIIEKC,
BKIKOYBALL, OCHOBHWUTE AucMopdmyHu o4HK Haxoakm B MOC npu
npeaHocerMeHTHUTe aucreHesHn cuHgpomu (MCAC), kowuto
3aTpyaHsBaT ApeHakHus oTToK Ha BOT.

Beska egHa ot nocoueHnTe B Tabn. 1 04HN CTUIMI MOXe
[a e €[HOCTPaHHO WNM [BYCTPaHHO W3sBEHA, Kato Mpw
ABYCTPaHHOTO Hanuyme MOXEe [a CbLUECTBYBa edHa M chlia
WK pasnuyHa CTEMEH Ha KIMHWYHA W3SBA, PasiUyHu Chb4e-
TaHWs Ha [Be WNW NoBeYe OYHW HaXoOKu Mpu eduH Gone,
pasnuyHa AWHaMKKa Ha M3siBUTe BbB BpeMeTo. Bouuko ToBa
€ NoBOA Aa ce npepgnonara CbUIEcTBYBaHeToO Ha obly nato-
(hM3NOTEHETUYEH MEXaHW3BM, CBbp3aH C PasBUTMETO Ha
MpUACKopHeanHust brbn. CbYeTaHUeTo Ha OYHUTE NPOMEHU
U acouvaumsTa UM ¢ 0By unK cucTemHn 3abonsBanus e
06eKT Ha Haco4YeHM Npoy4YBaHNA 3a [oKa3BaHETO Aank MbPBO-
npuYMHaTa e camo FEeHETUYHa WIU BIWSIHWE OKasBaT enu-
FEHETUYHM, CMECEHW W/MNW OpYyru €eK30reHHW chaktopu [2,
11, 18, 20, 23, 32]. TepmuHbT lNpegHocermeHTHa aucreHesa

3a Bb3HWKBAHETO Ha KOWTO Ca A0Ka3aHW MyTaLuK B KOHKPETHN
ren. MCAC BKMtouBaT XeTeporeHHa rpyna oT oceM KIUHUKO-
reHeTWIHU BapuaHTW, C MpenoKpuBalla ce KNMHWYHa W3ABa,
npeactaBeHu Ha Tabn. 2, KouTo BKMOYBAT onKcaHuTe B Tabn.
1 0YHM NpOSBI B Pasfv4HN KOMOWHALMM, HO B €TUONOrMYeH
nnaH ce pasnnyasar. ocnefHn Npoy4BaHUs Ha MnaLyveHTH
¢ NCAC pokassaT HanmuuMe Ha MyTaLWM B HOBW eHU: reHa
Collagen 4A1 (COL4A1) u reHa Beta-1.3-glucosyltransferase
(B3GALTL), kouTo KogupaT KonareHoBaTa Bepura, OTrOBOpHa
3a obpasysaHeTo Ha BasanHute membpanu [20, 23].

13non3BaHeTo Ha HOBW TEXHOMOrMW, KaTo CekBeHWpaHe/
CpaBHEHMe Ha Lenus reHom reHoMHa Xubpuausauws, uma
BEPOSTHOCT 1A pa3LLMpy CNEKTbPa Ha MyTaLMi B U3BECTHU FeHN
W fa NoanoMorHe MAeHTMULMPAHETO Ha HOBW NPMYMHSABALLM
FeHM, KakTo 1 Mogndukatopw, 0BsicHABaLM (heHoTMNa NPOMEH-
NWBOCT Ha cbeTosHKMATa Ha MC/.

AHMpUANSA CUHAPOM

TepMUHBLT AHMPHANA CUHAPOM € ChBPEeMEeHeH W BKIloYBa
cnyyauTe Ha BpoaeHa nsonvpaHa aHvpuans 1 BpogeHa aHu-
pUANS, CBbP3aHa CbC CUCTEMHM YBPeXdaHus Ui AHMpKauS

Tabn. 2. KnuHuko-reHeTuyHa knacudmkaums Ha MNpegHocermeHTHUTe aucmopduyHmn cuHapomu (MCAC)
[OMIM, Cheong et al., 2016].

MNpeaHocermeHTHU AucmMopdmyHu cuHapomu (MCAC) - Tun | OMIM len/XpomosomHa HY*
KoopauHauus Jokanuzauma
MCAC - Tvn 1 07250 PITX3 (602669) 10 (10924.32) | Al
Mcac - tun 2 610256 FOXE3 (601094) 1p33 | AP
MCAC - Tun 3 601631 FOXC1 (601090) 6 (6p25.3) | Al
MCAC - Tun 4 137600 PITX2 (601542) 4 (4925) | AL
MCAC - un 5 604229 PAX6 (607108) 1 (11p13) [ A
McAac - tun 6 617315| CYP1B1(601771) 2p22.2 | AP
Nncac-tn7 269400 PXDN 605158 2p25.3 | AP
Mncac - tun 8 617319 | CPAMDS (608841) 19 (19p13.11) | AP

* HY - HauwH Ha yHacneassaHe: All - aBTO30MHO-A0MWHaHTHO; AP - aBTO30MHO-PELIECUBHO.

(NCL) [Anterior segment dysgenesis (ASGD)] B 4ucTo Knm-
HWYEH acnekT BKIKYBA BCMMKM BPOLEHW OYHW aHOManuu B
MpeAHus o4eH cermeHT. Kacae ce 3a pagka 0vHa naTosorus.
MNCA kato uano kpuat 50% puck 3a pa3suTHe Ha rnaykoma
[23]. KnuHuyHOTO MHorooGpaswe, cnopaguyHus XapakTep
8 DONWMHCTBOTO OT CryvauTe, LWKMpokaTa AndepeHumanta
[MarHo3a, kakto M masnkata Bb3pacT Ha BONWMHCTBOTO OT
wscneaBaHuTe fdeua W HeobxogMMocTTa OT W3cnegBaHeTo
um nog oblya aHecTesns W HeBbL3MOXHOCTTA 3a MpunaraHe
Ha JurTanHuTe odTanMonorMyHM MeToan 3a AMarHocTHka
Ha rnaykomaTa B HesepOanHa Bb3pacT ca OCHOBHa MpudkHa
3a 3aTpygHeHWs B paHHata AuarHosa. TepMWHbBT CMHAPOMM
npu MCL wnn NMCAC B KNMHKKO-TeHeTUYeH acnekT obeauHsBa
BCUYKW ONMCaHM (00 cera) 04HK CUHAPOMM, NPU KOWTO Ce OTYMTa
3aTpyaHeHue B ApeHaXHus oTTok Ha BOT W rmaykoma (cuHgpom
Ha Peter, cuHgpom Ha Axenfeld, cHapom Ha Rieger, cuHgpom
Ha Axenfeld-Rieger, AonbnHeHW oT gpyri aBTopw), MpU4MHA

24

Noc cMHAPOM. AHWPMAWA NMIOC CUHOPOM € pasrnefaHa B
pa3sgen |l Ha Ta3u cTaTms.

BpoaeHa usonupaHa aHupuaus
MKB-10: Q13.1; MKB-11: LA11.3; OMIM: 106210; 617142;
617141; ORPHA: 250923; GARD: 5816.

CUHOHMM Ha BpoAeHaTa usonupaHa aHnpuaua
(Aniridia congenital isolated)

[TbpBO KNMHUYHO OMUCaHWE Ha BpofeHaTa ToTanHa [ABY-
CTpaHHa nunca Ha npKc gaea Barratta (1819), a y Hac - K. Mawes
(1943). OnucaHu ca eauHU4HKM CNyYan Ha eHOCTpaHHa M3sBa.

Yectota: 1:40.000 - 1:100.000, yectoTara Ha rnaykoma e
6% po 75%, kato rnaykomara Ao 13-roauwHa sbapact e 26.5%
W 75% npu geuata Hag 13-roguiuHa Bu3apact [20]. B npuumHuTe
3a cnenoTta Yy Hac ABycTpaHHaTa uaonupaHa aHupuams e 8.1%
8 Y[IH3 (1984).
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[lombAHUTENHW O4YHU NPOMEHH, CbITLTCTBALLW aHUpUanATa
ca thorochobus, HUCTarbM, MUKpOdTanmM, MUKPOKOpHes, poro-
BUYHW MBTHUHM, POTOBWMYHA XWMOECTeansi, cTpabuabM, LEH-
TpanHU TOYKOBWOHW KaTapakTh, cybrmykcvupaHu nelm, Komo-
foma Ha newuTe, NPOMEHW B Nanunata Ha 3puTenHWs Heps,
MOBULLEHO BLTPEOYHO HansraHe, pepakTUBHA NPOMEHN camo-
CTOATENHO UNU KOMBWMHMPAHO NPOSBEHN, OT HE3HAYUTENHM [0
CUSIHO MpOSIBEHW, MWOMUA, XMNEpMeTponKs, Xunonnasua Ha
MakynuTe, HUcko 3penue [2, 20, 24, 32, 33]. Mopagu BCUYKO
TOBa HsKOW aBTOpW ynoTpeGsBaT 3a BpoAeHaTa w3onupaHa
aHVpUaNA TepMUHa aHMpUans-cuHOpoM. B eTnonorieH nna
BpoAeHaTa aHMpUaNs BKIMIOYBA 3 KIMHUKO-TEHETUMHWU BapMaHTy
C MpUNOKpMBAaLLA ce KIMHUKA Ha W30nupaHaTa aHMpKaus, Ho ¢
paani4Ha Npr4vHa 3a Bb3HUKBaHe Ha natonorusiTa: |. AHupuaus
mn 1: MyTtaumute Ha PAXG reHa (11p13) B cneaHuTe KaTeropum:
1. nonsense myTawm (37%); 2. frameshift aeneum unm nHcepLmm
(23%); 3. cnnawc mytauum (11%); 4. missense mytaumum (18%);
5. anti-termination (run-on) myTauuu (4%); 6. in frame geneuuu
unu nHcepLv (7%); 11. Annpuamns tun 2: Mytauumn 8 PAX6 reHa
(11p13) n ELPA rena (11p13). Ill. Ampuams Tvn 3. MyTauum B
TRIM44 reHa (11p13). Hue Habniogasaxme AeTe, cnopaguyeH
Cnyyai, ¢ BpofleHa [BYCTpaHHA M30NMMpaHa aHMpUoMs CWH-
[poM, ¢ [JoKkasBaHe Ha MmyTauus B reHa VSH1 (Visual system
homeobox1), HeonuceaHa B JocThbNHaTa NUTepartypa [2].

Il. Tnaykoma npu HacneaCTBEHM CUCTEMHU
CUHAPOMU B 1eTCKa Bb3pacT

MoeuweHoto BOH u rnaykomata acouumpaHa C HsKou
HacnefCcTBeHU CUCTEMHM CWHOPOMM B [leTCKa Bb3pacT MOXE
fa Obfe eauH OT MbPBUTE KMMHWYHKM MPOSIBU B nepvofa Ha
HOBOPO/EHOTO, HO Hali-4ecTo Ce KOHCTaTMpaT B Xofa Ha yTou-
HAIBAHETO Ha CHMHOPOMA MMM KaTo Nocneayua oT KbeHata My
avarHocTvka. [NpeactaBsme HAKOM OT ONUCBaHMTE B JOCTHNHATA
nuTepatypa HacrnefCTBEHU CUHAPOMM acolUMpaHi ¢ rnaykoma
B leTcKa BbapacT: AHupuauna nntoc cuHapom (CuHgpom WAGR;
Cungpom WAGRO; CuHgpom Ha Gillespie); CuHgpoMm Ha
MapchaH, Cunapom Ha Crepaox-Bebep, Hespodmbpomatosa
CUHAPOM; XomoUuMCTUHYpKS; CiHApom Ha JTbose; CMHAPOM Ha
Baitn-Mapuye3sanu; CuHapom Ha LWwupokuTte nanum [2, 9, 12, 16,
18- 21,23, 24, 30, 32, 33, 36].

AHUPUAKA NNIOC CUHAPOM

TepMUHLT AHMPMAVA MG CMHOPOM € CbBpeMeHeH W
O3HayaBa acouMauuMs Ha BpogeHaTta M3onupaHa aHupuams
(aHMpWUaNS CMHIPOM) CBC CHCTEMHI YBPEXAAHNA. KIMHUYHWUAT
O4eH (heHOTHN - aHUPUAMS CUHAPOM U FNaykoMHO YyBpeXdaHe
MpW BCWHYKA ONUCAHW aHUPUAMA NAKOC CMHAPOMU CE MPUMOK-
puBa, HO NpUYMHA 3a Bb3HWKBAHETO UM Hail-4ecTo e MyTa-
LMW B pasnndHN reHn. Mo-4ecTo onucBaHUTE OT TAX, Makap
MHOro pefku 3abonseanus, ca cuHapomute WAGR, WAGRO
W cuHapombT Ha Gillespie. B goctbnHata nutepatypa WHdop-
Mauvs 3a acoumauusita Bpo4eHa aHMpuaus ¢ HEBPONOrMYHa
cMnTOMaTHKa BKIioYBa Hag 20 onucaHK criopaguyHi cnyyau,

Cuuapom WAGR
MKB-10: C64; MKB-11: LD2A.Y; OMIM: 194072; 612469;
GARD: 5528.
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Cungpom WAGR (Wilms tumor-aniridia-genital anomalies-
retardation syndrome) npeactaensea chopma Ha cnopaandHa
BpO[EHa aHUpWAKA, XapakTepuaupall ce ¢ Aeneums Ha KbCcoTo
pamo Ha xpomosoma 11 (11p13). N opamata poguteny umar
HopManHu xpomosomu. INpu peuara cse cuHapoma Ha WAGR
CbLUECTBYBa BWCOK puCK 3a paseutie Ha Tymop Ha Wilm's
(bunatepaneH Tymop Ha GbOpeuuTe), reHUTanHU aHoManuu
(KpUNTOPXM3bM, aHOManuKU Ha MaTkata, roHagobnactoma, He-
pasBUTK ARYHULM), KAKTO W yMCTBEHa W3ocTaHanocT (1Q < 74),
Hal-4eCTO CBbP3aHa C HanuumMe Ha ronemu AeneLim 1 ¢ 4ectora
45 - 60% ot GoneayBalLMTe ¢ aHUPUAKS.

Cungpom WAGRO

OMIM: 612469.

KnuHu4HMAT oveH cheHotun Ha cuHapom WAGRO (Wilms
tumor-aniridia-genital anomalies-retardation obesitas syndrome)
ce NpunokpuBa ¢ To3u Ha cuHapoma WAGR w BkntouBa BpoaeHa
[BYCTpaHHa aHWpUaua (aHUPUAMS CUHAPOM), KbM KOSTO MO-
KbCHO (0OMKHOBEHO KbM 5-TogMllHa Bb3pacT) ce [obassT
TymopbT Ha Wilms (6unatepaneH Tymop Ha GvOpeuure),
aHoManuum B TEHWTO-ypeTpanHata CUcTeMa, M30CTaBaHe B
NCMXOMOTOPHOTO pa3BuTue M aBHOPMHO TErNo (3aTITbCTABAHE).
LiuToreHeTUYHaTa nokanuaaums e BBbPXYy KbCOTO pamo Ha
xpomo3oma 11 (11p13-p12), ¢ reHomHa koopanHauus (GRCh38):
11:31 000 000 - 43 400 000. ETronorusita e geneums B KbCoTo
pamo Ha xpomo3soma 11 (11p13-p12) B pervoHa, koinTo obxBalLa
renute WT1 (607102), PAX6 (607108), n BDNF (113505).

CuHpgpowm Ha Gillespie

MKB-10: G11.0; OMIM: 206700; GARD: 13.

Uectotata Ha Gillespie cuHgpom e <1/1 000 000. B
nuTepartypata ca onucaHi okono 30 cnyyast. KnuHWYHWAT 04eH
tbeHotnn Ha Gillespie cuHapom (GLSP) Bknioyea gBycTpaHHa
aHUpUAMA OT POXOEHUE (AHUPUAWA CHHAPOM), KbM KOSTO Mo-
KbCHO ce nposBsBaT LepebenapHa aTakcus W W3ocTaBaHe
B ncuxomoTtopHoTo passuthe. OnucaH e ot Gillespi (1965).
KapuotunsT € HopmaneH. ETvonoris e xeTeposurotHa myTa-
umsa B reHa ITPR1 (147265), kapTvpaH BbpXY KbCOTO pamo Ha
3-Ta xpomosoma (3p26). TUMbT Ha yHacrneasBaHe MoXe [a e
Al nnn AP.

CuHgpom Ha Mapdpan

MKB-10: Q87.4; OMIM: 154700; 610168; ORPHA: 558.

CuHgpombT Ha Mapdhat (Marfan’s syndrome), onucaH ot
Williams (1876) n A. Marfan (1896), uneto ume 4o AHEC HOCK TO3K
CMHAPOM, € PSLKO CUCTEMHO 3abonsiBaHe Ha CbeaWHUTENHATa
TbKaH, ¢ Hucka dectora (1: 3000 - 5000 gywwm; 1-5:10 000).
[lnarHocTvyHMTE KpUTEPKUK Ca MEXAYHAPOAHO YTOYHeHK (1996
r.). B mexayHapogeH nnaH ca onucanu 1000 naumeHTH ¢ To3K
cvuHapoMm. [NpuynHa 3a cuHapoma Ha MapdbaH ca myTauum B
reHa ubpunun (FBN1), kapTupaH Ha 15 xpomosoma (15¢21.1,
1991). B 15 - 30% oT cnyyaute ce Kacae 3a HOBOBb3HMKHANM
MyTauuu, Npu damunHuTe cnyyvan HacnegssaHeto e Afl. Mo
NUTEPaTYpPHU JaHHU Ha PasniiHW aBTOPW OYHUTE MPOMEHU Ca
MHOrO, HayanoTo UM € OT 2-TofMlWHa Bb3pacT, a 4ectoTara
WM MPU OTAENHUTE NALWEHTW € pasnuyHa (eHodhTanm; aHTH-
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MOHrONOMAOHW KnenayHu Uenkw; trabeculodysgenesis; nnocka
pOroBMUa; XMMOMNAasus Ha WpuUca; XETepPOXPOMMS; paHHa
Karapakta; ektonus Ha newara (54 - 80%); kbcorneacTBo
(53%); yBenuyeHa akcuanHa AbMkuHa Ha Oynba; otneneaHe
Ha peTWHaTa; rmaykoma ¢ paHHO Hayano (Ham-4ecto Kbm 13-
Ta roguHa - 2% W BTOPUYHW [MayKOMHW YCrnoXHeHns kem 30
rogulWHa Bb3pacT). B Halu mpoyyBaHWs Ha NalUMeHTW CbC
cuHapoma Ha MapdaH cpel pasnuyHM KOHTWHIEHTW deua ca
6unn 6.5% peua (ot 320 cnenu deua ¢ pasNWYHW AOKA3aHO
HacneacTeeHu sabonseanus, A. MNonoea 1984; 15 peua-npo-
GaHau, No JaHHM Ha KNMHWYeH matepuan 3a 1984 - 2023, A.
Monoga [2]. O4HaTa cUMNTOMATMKA e pasHoobpasaHa, ¢ pasnuiHo
HaYano Ha KN1HWYHa U38Ba, XOA W TEXECT Npu oTaenHuTe Gon-
HW, KOETO € MPWYMHA 33 WWMPOK KITMHUYEH MONUMOPCU3BLM.
ToBa cbafaea AudepeHUManHoamarHocTuiHM npobnemu. Mo
npaeuno cuHapoMbT Ha MapdbaH e nporpecipalla naTonorus.

Cvngpom Ha CTepax-Bebep

MKB-10: Q85.8; MKB-11: LD23; OMIM: 185300; ORPHA:
3205; GARD: 7706.

CuHopombT Ha CTopax-BeGep [Sturge-Weber syndrome
(SWS)] e onmcaH 3a mbpeu mbt o1 W. A. Sturge (1879) un F.
P. Weber (1922 r.), 44UTO MMEHa CMHOPOMBT HOCK OO AHEC,
SWS npepcTaensiBa MbpBMYHa BEHO3HA AMCNNA3WA © Jvnca
Ha MOBLPXHOCTHUTE [PEHaKHW BEHW B MO3b4HATa Kopa, B
nepwopa 4 - 8 r.c. Yecrtotara e pasnuyna (1 - 9/100 000 xmeo-
pogeHu). 3abonsBaHeTo Hail-4yecTo e ChopaguyHo, MoMbT
HAMa 3HaYeHWe, NUNcBa pacosa npeaunekuus. ETwonornara e
myTauun B reHa GNAQ (Guanine nucleotide-binding proteins),
XpOMO30MHa nokanuaauns 9g21.2. TUmbT Ha yHacneasBaHe
Ha SWS e A[l, ¢ HeMbNHa NeHeTPaHTHOCT W BapuabunHa ekc-
NpecuBHOCT. JIMNCBAT LMTOTEHETUYHI NpoMeH. He ca KoHcTa-
TUPaHU NpeHaTanHu mapkepi. CbBpeMeHHaTa KnacudukaLns
Ha SWS (Tortori-Donati et al. 2005) sknroysa Tpu TMna: Tun |
(Knacudecku), C KOXHMW, NENTOMEHUHIEANHN U OYHU MPOMEHU
(15 - 20% oT NaupeHTUTe, BKIOYBAT KOXHU aHTMOMU, U3BECTHU
kato ,nevus flammeus” unn ,port wine stain” ot pomaenue;
rnaykoma (30 - 90% oT cnyyauTe, BTOPUYHA OT HEOBaCcKynapeH
T4N), TMN Il, C KOXMHW M O4HM NpOMeHU (kaTo npu TUn I) U TN
Il (cbpycTHM chopmu), C NENTOMEHMHreanHn npomeHu. O4yHata
cumnTomaTuka npu SWS e Hanuue, Korato MpUCHCTBA NMLEB
XEMaHIMOM. 3abITKMTENHU O4YHW MPOMEHM Ca XEMaHIMOM Ha
KenayHata Koxa W rnaykoma, kato nocregHata Moxe fa ce
KOHCTaTMpa Ha pasnuyeH eTan cref paxaaHe Ha Goneaysaluns
go 25-rogvwHata My BbapacT. OnucaHu ca U Apyrn OYHU
npobnemu. Mpu uscneasanute oT Hac 10 Aeua cbe SWS BB
BPEMETO BCUYKN NpuTexaBaxa rmaykoma [2]. Ha ®ur. 1. e npen-
CTaBeH pparMeHT OT NNLETO Ha efHO OT W3chefBaHuTe dela
(cobeTBeHo HabnoaeHue) cbe SWS, egHoCTpaHeH xeMaHrmoM,
Gydranm u rnaykoma, a Ha Qur. 2 e npeacTaBeHa YacT OT
3acerHaraTa Koxa W Ha eiHaTa pbka Ha cbLUatoTo AeTe.

B aoudepeHumanHogmarHocTyeH nnaH, SWS e Hai-
YecTo cpellaHaTa akomartosa U equHcTBeHaTa akomartosa,
KOATO He € acouumpaHa C BbTpevepenHu Heonnasmu. OT
tbakomartoante teHoTUNHO Han-Gnuabk o SWS e Bonnet-
Dechaume-Blanc syndrome (peTWHoaHromaTtosa).
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HeBpochuBpomarosa cuHapom

MKB-10: Q85.0; MKB-11: L81; OMIM: 101000; 162200;
162210; 613675; ORPHA: 636; 637; GARD: 7866.

Hespodhubpomatosa cuapom (Neurofibromatosis - NF),
onucaHa 3a mbpeu MbT oT Friedrich v. Recklinghausen (1833-
1910) n po pHec ce ynotpebsBa ¢ HasBaHueTo BonecT Ha
Recklinghausen. NF e xeTeporeHHa rpyna MOHOTEHHW peaku
3abonseanua (obwa yvectota 1 - 5/10 000 HoBOpoaeHM), Npw
Kouto ce HabniogasaT HeBpodvOpPOMM C pasnuyHa opraHHa
okanuaaLma, BKITIOUMTENHO O4YHa W MUMMEHTALIMM MO KoxaTa T
,café au lait‘. MocTaBaHeTo Ha auarHosata NF e Bb3 ocHOBa Ha

®ur. 1. [leTe ¢ eHOCTPAHEH NNLEB XEMaHIMOM,
Bycbranm 1 rnaykoma (cobeTBeHo HabnogeHue).

®ur. 2. KoeH XeMaHrMom Ha eHaTa pbka
npu geteto o1 @ur. 1.

CbBpEeMeHHU KpuTepuu, yTouHeHu B Guidelines for the diagnosis
and management of individuals with neurofibromatosis (2007).
Onucanu ca 6 KI' Bapuant Ha NF, Hait-yecTusT o kouto e NF1.
HaumHbT Ha yHacneassaHe npy sedki KIW chopmu 1 BapuaHTH
e All. O4nm nposer uma onucann npiu NF tun 1 u NF tun 2. NF
™MN1 ce OBLIKM Ha MyTauuu B reHa Hespodmbpomut 1(NF1),
KapTvpaH Ha 17-a xpomosoma (17q11.2), ¢ Hag 300 myTawm B
Hero, kaTo B okono 50% ot cnyqaute MyTaLuuTe ca CrioHTaHHU
(HoBOBBL3HUKHANK MyTauwu, Afl). OyHata cumnTomaTtuka Ha NF
TN 1, U3BeCTHa KaTo nepudpepHa HeBpothbpomaTosa, BKMO4Ba
hubpOMHM MPOMEHU NO KOXaTa Ha Kienauute, Hail-yecTo OT
poXaeHue, B 3puUTeNHUA Heps (rmuomu), B Bynba unv opbutara,
NUrMeHTUpanu cnbpomu - neTbHUa Ha Jluw” (onucanm ot Karl
Lisch 1973) no upucuTe ¢ yectota 80 - 94%, kouTo MoraT Aa ca
MpWYMHa 3a rraykoMa B HAKOM Crlyyau, KakTo W 3a npoMeHu B
xopurougesta. NF T1n 2 ce QKK Ha MyTaL Wi B reH, KapTupaH B
22-pa xpomo3omMa (22q12), kogupall, npoTenHa MepnkH (merlin).
Parry et al. (1994) npegnonarat, 4e NF Tun 2 e xeTeporeHHa
natonorus. O4HuTe npomenu npu NF TUN 2, U3BecTHa KaTo
ueHtpanHa NF, ce HabniopgaBaT W3BLHPEOHO PAOKO, NMMcBaT
NPOMEHN B MpWCa, HO MpK Bb3PaCcTHU NaUMEHTM €a OnMcaHu
npeceHWnHa 3aiHa cybkancynapHa unn HykneapHa katapakra w/
UNK peTuHanHu xamaptomu (Pearson-Webb et al. 1986; Parry et
al. 1994).
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Cunpapom Ha lMuep PobuH

MKB-10: Q87.0; OMIM: 261800; ORPHA: 718.

CuHgpombT Ha [uep Pobun [Pierre’s Robin Syndrome
(PRS)] BKNto4Ba MHOXECTBEHW BPOAEHW aHOManuK Ha NuLeBus
yepen, BKIIYUTESNHO O4HM aHOManum, oBCTPYKUMS Ha ropHuUTE
gvxaTenHu MbTWWa, aHomanus Ha Hebueto (cleft palate),
racTpoesodareaneH pechnyke oT poxaeHie. Yectotata e Hucka,
ot 1:8500 go 1:14 000; 1 - 9/100 000. (Orphanet)]. ETwonorms
BICTIOMBA MyTaLMK B reH ¢ nokanusauma 17924.3-g25.1. TunsT
Ha HacnegssaHe e AP. CekBeHWpaHu ca 4 KaHaugaT-reHu:
SOX9, KCNJ2, KCNJ16 (605722), MAP2K6. O4H1TE NpoMeHm
ca pasHoobpashu. 3a rmaykoma, OTrnernBaHe Ha peTwHaTa,
kaTapakTa u MMonua nNpu cuHapoma Ha Muep PobuH cbobluasat
B. Cosman u J. Keyser (1974). IarHo3ara ce ocHoBaBa Ha
KIMHWIHUTE NPOSBW, U3ABEHW Cflef PaXaaHeTo W CBbp3aHu
[aBHO C pecnmpaTopHuTe Npobnemn u ractpoesodareantus
pecnyke. CuHapombT Ha Muep PobuH ce cpella usonupaHo
unm KaTo vact o Stickler Syndrome, Velocardiofacial syndrome,
Fetal Alcohol Syndrome, Treacher Collins Syndrome.

XoMouucTuHypus

MKB-10: E72.1; OMIM: 236200; ORPHA: 394.

XomouncTuHypuata (Homocystinuria) e metabonuTtHo Hac-
nencTBeHo psako 3abonsBaHe Ha aMUHOKMCENWHATA METUOHWH
(npn Kknacwyeckata chopma), KOeTo ce XapaKkTepuaupa c
MOBWLIEHa KOHLEHTPELMA Ha XOMOLMCTEUH B KpbBTA U ypUHaTa
WM - aedpuunT Ha KodpakTopute (BUTamuH B6, B12 u B9),
nopagu nunca uniu JeuUUT Ha eH3UMITE, KOUTO HOPManHo
MeTabonuamupar XoMoUWCTeUHa. YectoTata 3a CKpUHMpaHU C
BroxuMmU4HN TecToBe HoBopogeHu 3a CBS (Cystathionine beta
synthase) necouumt e 1-9:100 000 1 1:20 000. Hap 92 pasnuyuu
naTonoriyHu Mytauun B CBS reHa ca npuymHa 3a ABa OCHOBHU
KIMHWYHY heHOTUNA - MUPUAOKCUH OTTOBOPEH W MUPWACKCHH
HeratueH. eHbT CBS e kaptupad Ha 21-pa Xpomosoma
(21922.3). TunbT Ha HacneasBaHe e AP. BUOXUMUYHATE NPOMEHK
BKNKOYBAT YBENMYaBaHE Ha XOMOLMCTUHA M METMOHMHA. KbM
MOMEHTa Ha paxaaHeTo nauueHTUTe ca (eHOTUNHO 3Apasy,
Ho npu ocTaBeHuTe Ges neveHwe ce HabmiogaBaT pasnuyHK
naTonoriyHu npomeHn. ObLyata cuMnToMaTiKa ce Nposiesea B
MbpBaTa W BTOpaTa [iekafa OT MBoTa Ha boneayBalloTo geTe.
OuyHaTa cumnTOMaTHKa BKMKOYBA: CBETNM WMPWCHW, eKTOMWUA Ha
nelyata, KoATo BoaM Ao rnaykoma (4o 85% npw knacudeckarta
thopMa) B pasniuyHa Bb3PacT MU HAKOM NaLMEeHTH, MUONUA OT
JeTcKa Bb3pacT, aTpodms Ha 3puTENHUS HEPB, OTNENBaHe Ha
peTuHaTa. [pK HeNeKyBaHU NaUMeHTH Task CUMNTOMATHKA e No-
yecta. [lucbepeHumanta auardosa Ha 3abonssaHeTo ce npasy ¢
PasfUYHKM FfeHETUYHW 1 HereHeTUYHK 3abonaBaHms.

CuHpapom Ha JlboBe

MKB-10: E72.0; MKB-11: 5C60.0; OMIM: 309000; ORPHA:
534; GARD: 3295.

CuHgpombT Ha flbose (Lowe's syndrome) wnm Okyno-
Lepebpo-peHaneH cuHagpom [Oculocerebrorenal  syndrome
(OCRL)], onucax mbpeoHavanHo ot Lowe, Terrey u MacLachan
(1952), e pagko myntucucTeMHo 3abonseaHe, KOETO BKMKOYBA
OCHOBHO NULIEB AMCMOP(NILM, MbPBUYHO YBPEKAaHE Ha O4nTE,
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Ha GLOpeunte (6LOpeuHa TyOynHa AMCHYHKUMA C XPOHWYHA
6bbpeyHa HegoCTaTbYHOCT) M LIEHTpanHaTa HepBHa cucTema
(rbpyoBe), 3abaBsiHe B pacTexa, BCMEACTBME Ha eH3UMeH de-
ekt (phosphatidylinositol 4.5 - biphosphate 5-phosphatase
neduuut). Yectotata e Hucka (1 - 9/1 000 000 n ovakeaHa
1:100 000 go 1:500 000 HoeopogeHwn momyeTa [OMIKAM,
ORPHA]. Etvonorusa: Mytauum 8 OCRL reHa, kapTupaH Bbpxy
X-xpomosomaTta (Xq25-q26), HacneasBaHeTo e No X-CBbp3aH
pelecuBeH HayuH. OYHWTE MPOMEHM BKIKYBAT POTOBUYHU
MbTHWHW, BPOAEHa [BYCTPaHHa KaTapakTa, rmaykoma ¢ 1nm 6es
Bydbranm, ctpabuatm, XunepMeTponms.

Cunpgpom Ha Bann-Mapue3sanu

MKB-10: Q87.0; OMIM: 277600 608328 614819; ORPHA:
3449,

Cungpoma Ha Balin-Mapuesanu  (Microsherophakia,
Weill-Marceshani syndrome - WMS, onuceaH 1 kato Sphero-
phakia-brachymorphia syndrome, e psagko 3abonssaHe Ha
CbeVHUTENHATA ThbKaH, KOETO Ce XapakTepuaupa C HUCHK
pweT, brachydactyly, ckoBaHoCT Ha cTaBuTe, aHOManuM Ha
neuwjata. Yectorara e Hucka (1 - 9/100 000). 3abonseaHeto
€ XeTeporeHHo, HacnegsBaHeTo e npegumHo AP W psako
All (Faivre et al. 2003), kaTo He ca KOHCTaTMpaHW 3Ha4UMU
(heHOTUNHK pasnuuma mexay nauueHtute ¢ AP ot Tesun ¢ Al
cpopma. [okasanu ca 3 KI' sapuanta Ha WMS. WMS 1 (AP)
Ce [Ob/KM HA XOMO3WOTHA WMK XeTepo3uroTHa MyTauus B
ADAMTS10 reHa, kapTvpaH Ha 19 xpomosoma (19p13.2).
WMS 2 (AL copma) ce gbmiku Ha mytauus B FBN1gene,
nokanuaupaH Bbpxy 15-a xpomosoma (15g21). WMS 3 (AP)
ce ObMkW Ha myTauwa B LTBP2 gene, nokamusupaH Bbpxy
14-a xpomozoma (14q24). Mpu T. Hap. nogobHu Ha WMS
nauneHTu ca yctaHoBeHu myTauun 8 ADAMTS17 gene, noka-
nuampaH cbllo Ha 15-a xpomosoma (15g24). Brnpeku reHe-
TW4HaTa xeTeporeHHocT npu WMS cbliecTByBa KNIMHWYHE
xomoreHHocT. OyHaTa cumnTomaTika, Hesasueumo ot KI™ cpop-
Ma BKMOYBa MMKpocepohakusi, eKTOnus Ha newata, npo-
MEHW B MPWOOKOPHEHUA brbn (45.2%), rmaykoma, aereHepa-
TMBHA BMCOKOCTEMEHHA MMWOMMS, XETepOXpOMMS, KaTapakTa.
YCnoxHeHUaTa Ha HeauarHocTMUMpaHaTta WMnW HenekysaHa
CBOEBPEMEHO eKTOMWA Ha feluara BoAAT o rnaykoma. Nocne-
JUUMTE ca NpUYMHA 3a TeXKN AEeDUHUTVBHU 3PUTENTHN YBPEXK-
[aHws (0o cnenota).

CMHAPOM Ha WMPOKUTE nanum

MKB-10: Q87.2; OMIM: 180849; 610543; 613684; ORPHA:
783.

CuHOpOMBT Ha Wwupokute nanuu (Broad thumbs-halluces
syndrome), nssecteH oue kato Rubinstein-Taybi syndrome e
rEeHeTUYHO MYMTUCHCTEMHO 3abonsiBaHe, KOeTO ce XapakTe-
puU3Mpa ¢ NIUUEB AMCMOPMU3LM, LWMPOKK Nanuyu Ha puueTe U
KpaKaTa, HUCBK PbCT, HUCKO TErNO KbM MOMEHTa Ha paxaaHe.
Yectotata e Hucka (1/125 000 - 300 000 pawganus; 1 - 9/100
000 [no ORPHA]. MyTauum & reHa CREBBP ca npuunHa 3a
sabonsBaHeTo. [eHbT € NokanuanpaH Bbpxy 16-a Xpomosoma
(16p13.3). Onucanm ca 8 anenHu BapuaHTa Ha TO3M reH.

OuHaTa cumnTOMaTHKa e pasHoobpasHa 1 BKMoYBa NTo3a
Ha Knenauute, cTpabuabM, BpodeHa rnaykoma, konobomm (Ha
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MpuC, XOpWOWAes, peTuHa, 3puTerieH Heps), pedpakTUBHM
rpeLwku (BICOKOCTENeHHa MMOMNS), aHOMaNUM Ha CITb300TBOA-
HUTE MbTULIE, HACTArbM, 3eHMYHU aHOManuW, MUKDOKOPHES,
MUKpOCOTamNM, POroBMYHM aHOManuu, atpodus Ha upuca, Bpo-
AeHa KatapakTa, eKTOnuA Ha relata, MUKpodakus, Xopio-
peTWHanHa atpodms, atpotus Ha 3pUTENHUS HepB, aHoMa-
UK Ha 3puTenHus Heps. Mpu OTAENHUTE MauMeHTH MoraT Aa
ce Habniogasar pasnuyHu KOMBMHALWMNA OT OYHU MPOMEHN, C
pasfinyHa cTeneHHa 13sea.

3aKntoveHue

OnucaHuTe B CTATUATA HW 04HW 3aB0NABaHA - U30NMPaHK
WK KaTo 4acT OT (heHOTHNA Ha CHCTEMHA NAToNOrs, BKIOHEHM
B TepMuHa ,CHHAPOMHa rnaykoma B AeTcka Bb3pacT” ca MHO-
ro peku B exefHeBHaTa NpakTMka Ha odbTanMonora, HO
aKTyaneH 1 3Ha4ynm Meanko-coLmaneH npobnem, 3aLoTo oT TAX
Gonepgysa ronam 6poit aella B rnobaneH mawyab, BKNOYMTENHO
y Hac, a nocfegnumMTe UM 3acarat XmBoTa Ha boneaysawumTe
[lella W TexHWTe cemeicTBa 3a LAN XvBOT. bposT Ha Beve
onucaHuTe B AOCTLNHATA fTepaTypa cucTeMHm 3abonsasanms,
acouuMpaHu ¢ rnaykoma npu geua e orpomeH. Hakow ot Tax
ca LUMPOKO M3BECTHU B CBETa W XapakTepeH 3a BONWMHCTBOTO
OT TAX € DoraT KIMHM4YEH, eTMONOUYEH U KNNMHUKO-TEHETUYEH
NoNMMOpPcM3bM, KOETO 3aTpyaHsBa paHHaTa MM KNWHWYHA W
OKOHYaTefNHa AnarHosa. Kora e Ha4anoTo Ha rnaykoMHus npo-
Liec W nocneABalyata ro Natosorks ocTasa BbNpoc ¢ BCe OLle
He/loka3aH 0TroBop. CBOEBPEMEHHOTO [0Ka3BaHe Ha KIMHUKO-
reHeTH4YHaTa auarHo3a (OkoH4aTenHaTa auarHo3a) Ha BpOAeHO
AETEpPMUHWPpaHUTE rnaykomn nos3eonAea CbBpemMeHeH Nnoaxon
3a npodpunakTvka Ha cnenoTata oT [fliaykoma B leTcka Bb3pacT.
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