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1. INTRODUCTION



1.1. Anatomy and Histology of the Vitreous Humor

The vitreous derived from the greek word vitreum meaning glass is located between
the lens and retina and its approximate volume of 4 mL constitutes about 80% of the globe,
making it the largest structure within the eye (1). Anatomically the vitreous is to be divided

into body, base and cortex, as presented in Figure 1.
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Figure 1: Anatomy of the eye and vitreous (1).

The body with its almost spherical appearance, except for the anterior part which is
concave, corresponding to the presence of the crystalline lens. It consists of about 98% water,
the rest are macromolecules, about 80% of proteins being albumin and immunoglobulins. Most
important being collagen and hyluronan (1-3). In the emmetropic human eye the vitreous has
an approximate 16.5 mm axial length with a depression posteriorly to the patellar fossa of the
eye, due to the crystalline lens concavity. It is also called fossa hyaloidea. The
hyaloideocapsulare or ligament of Weiger in the annular region of the vitreous, 1-2 mm width
and 8-9 mm length respectively, with a sufficient diameter stabilizing the vitreous humor by
attaching to the posterior capsule of the lens. The inner aspect of this attachment, known as
Egger's line, delineates a space which is known as retrolental space of Erggelet's or Bergers
space (1,4). Arising from this space flowing through the centrum of the vitreous, the former
site of hyaloid artery in primary vitreous, is the canal of Cloquet (5). It opens anteriorly to the

optic disc, an attribute called area of Martegiani (6).

Histologically the vitreous contains extracellular matrix proteins which contribute to
the physical property of the vitreous, most important being the unbranched, non-cross-linked

collagen fibrils. Concentration of collagen is low, approximately 300 pg/ml. Nevertheless, due



to its extensive mesh, providing gel-like properties to the vitreous (7). The distribution is
heterogenic throughout the body having the most condensing area of collagen and lower of
hyaluronan at its base, making it the strongest adhesion area of the vitreous (1). Concentration
of collagen subsequently decreases centrally and posteriorly. Although, increases again in the
posterior vitreous cortex. The collagen molecule is composed of three polypeptide chains,
called a-chains that assemble into elongated fibrils, possessing high tensile strength. This fibril
aggregation is due to the characteristic three amino acid sequence: proline, hydroxyproline and
glycine. Hydroxyproline being unique for collagen, is used as a measurement for concentration

of collagen in tissue. (8)

Type II collagen compromises 60-75% of total collagen (8,9). It is secreted as
procollagens, having terminal aminopeptide and carboxypropeptide extensions, referred as N-
and C- propeptides. When in extracellular environment these extensions are removed leaving
non-collagenous telopeptides at each end of the tripple-helical structure, reducing the solubility
and allowing them to participate in fibril formation. A non-fibril-producing collagen is type IV
collagen in basement membranes which forms sheet-like structures, found in the inner limiting
membrane of the retina. Other groups of collagens in the vitreous are types V/XI, constituting

20-25 % of vitreous collagen and types VI, IX (3,10).

Hyaluronic acid (HA) molecules are pure polysaccharides present in all intracellular
matrices having different distribution from collagen. As opposite to the collagen, hylarunonan
can be reproduced in the vitreous. However, evidence of its synthesis is circumstantial.
According to an article by Jacobsen et al. supporting this hypothesis with their findings of
enzymes essential for HA synthesis present inside hyalocytes, maintaining their continuous
production, embedded in the vitreous cortex (8,12). Most abundant in the posterior cortical gel,
hyalocytes decrease in concentration centrally and anteriorly (8). The basal lamina and its filter
function prevents HA from diffusing into intracellular spaces of adjacent structures. One
exception is diffusion through anterior cortical gel where HA enters the posterior chamber,
leaving the eye through the trabecular meshwork (12). Consisting of polysaccharide chains
with random coils, creating space filled with water. HA is responsible for vitreous transparency
allowing light ray to reach the retina. Furthermore, due to the large domains of HA molecules
there is a spread-apart effect on the collagen fibrils, minimizing light scattering. Another
important function of HA is to stabilize the viscoelasticity of collagen fibrillar mesh as adjacent
collagen fibrils have tendency to cross-link and alter vitreous properties. Interaction between

HA and collagen is frictional, separating them promotes the gel-like composition of the



vitreous (7,13). Conversely, the interaction is not a permanent contact which can lead to

vitreous floaters.

The vitreous base, a three-dimensional zone, extends 1.5-2 mm anteriorly and 1-3 mm
posteriorly to the ora serrata, a band like configuration with a width of 4 to 6 mm. (8). The
posterior border of the vitreous base is described as an irregular line with its “peaks and
thoughts”, also penetrating the vitreous body itself with several millimeters (8). The anterior
aspect of the vitreous base, containing fibrils which intertwine, having a reticular complex
consisting of basement-membrane material (6). Fibers from the vitreous body pierce the
vitreous base spreading out to insert into the ora serrata anteriorly and posteriorly. In humans
the diameters of collagen fibrils in the vitreous base range from 10.8 to 12.4 nm (1).
Furthermore, importance is emphasized in posterior portion of the vitreous base where vitreous
fibers are adjoining more adjacent than elsewhere (1). This plays an important part to why the
vitreous base makes the strongest part of the vitreous. Other important structures of the vitreous
base are the fibroblast-like cells found anteriorly and macrophage-like cells posteriorly (14).
In the vitreous base we can also find damaged cells of the basal laminae in different stages,

presumed to be embryonic remnants of the hyaloid vascular system.

The vitreous cortex, containing two layers that marks its borders, surrounds the
vitreous humor. The anterior layer, beginning 1.5 mm in front of ora serrata, course from
anterior vitreous base forming the anterior vitreous cortex, also know as anterior hyaloid face
(14). In this region collagen fibrils are parallel to the surface of the cortex, creating a more
compact relationship with adjacent tissue (14). The posterior layer, with a width of 100-110
um, emerges from the posterior border of the vitreous base and forms the posterior vitreous
cortex. There is no direct connection between the vitreous cortex with neither the optic disc nor
retina. However, the posterior vitreous cortex is adherent to inner limiting lamina (ILL) of the
basal lamina of retinal Muller cells (9). Thin adherents over the macula are found due to the
low concentration of the collagen fibrils. The physiological adhesion between the posterior
vitreous cortex and the internal limiting membrane is still not researched however, it remains
hypothesized that it results from physicochemical properties of the extracellular matrix
molecules (15). As mentioned before the cortex has embedded mononuclear hyalocytes found
in a wide spread single layer 20-50 um from the basal lamina of ciliary epithelium laterally and
the ILL of the retina posteriorly. These oval or spindle-shaped hyalocytes, 10-15 um in
diameter, contain cell structures such as the Golgi-apparatus, smooth and rough endoplasmic

reticula, PAS-positive lysosomal granules and phagosomes (9). It has been found that they are
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arranged in a treelike branching pattern, possibly due to the retinal vessels. True function of
the hyalocytes is still unknown. However, it is hypothesized to be similar to macrophages. Even
though residential, they maintain an avascular and transparent vitreous (9). A structural feature
of the posterior vitreous cortex is its lamellar organization of layers. Abnormality caused by a

split between layers, inducing pathoglogical conditions, is called vitreoschisis (9).

The interface is composed of a complexity formed by basal lamina of ciliary body and
lens (the inner limiting lamina of retina which corresponds to basal lamina because of its
analogous characteristics despite not being a true membrane in a lipid-rich, cell membrane
sense), the posterior vitreous cortex and interconnecting extracellular matrix that is responsible
for the adhesion (8). The only basal lamina deprived region is the perilenticular annulus of
anterior hyaloid face where it is directly exposed to zonules and aqueous humor of posterior
chamber (8). This area accounts for a direct communication between vitreous and posterior
chamber enabling entrance and exit of aqueous fluid and substances such as erythrocytes,
hyaluronic acid, growth factors (8). The basal lamina of pars plicata at the ciliary body consists
of a network of lamina densa arranged as a reticular, multi-layered composition that fills the
spaces between the crevices of the ciliary epithelium. However, at the pars plana true basal

lamina is inserted with vitreous collagen fibrils.

The vitreous is most strongly connected to adjacent tissue at the vitreous base, the disc
and macula, and over retinal blood vessels. The ILL contains an anterior (vitreous) side that is
smooth and continuous whilst the posterior (retinal) is irregular, becoming more uneven as
further posteriorly one goes from the ora serrata (10,14). The ILL varies in thickness with
topography. Collagen fibrils oriented parallel to the ILL are found at other region with strong
to weaker adhesion. The lowest density of collagen is found in the central vitreous and adjacent
to the anterior cortical gel. Stronger adhesion is also found where ILL is thinner including areas
such as margin of the optic disk and around fovea (3). The strength may also relate to thickness
of the posterior vitreous cortex. Mechanism of attachment is not completely understood,
however it is thought to result from interface macromolecules includes laminin, fibronectin and
chondoitin and heparin sulphate proteoglycans, together forming a glue-like adhesion (3).
Attachment plaques are to be found between muller cells and ILL at the vitreous base,
equatorial regions of fundus and fovea but not in posterior pole where instead the ILL is thicker.

At these sites the vitreous fibrils traverse the lamina and creates a denser interaction (3).



1.2. Physiology of the Vitreous Humor

The vitreous fluid plays a minor role in prevention of damage by filling up the entire vitreous
cavity. With its presence it helps decreasing the risk development of larger retinal detachments.
It helps absorb external forces, reducing mechanical deformation of the eye globe and
supporting the lens during trauma to the eye. However, studies have shown this mechanical
support to be of limiting significance (17,18). Thus eyes in which the vitreous has been
removed during vitrectomy can still have a normal function, and the retina is not detached (8).
The vitreous gel prevents topical administration of drugs and substances to reach the retina and
the optic nerve due to slow diffusion and movement of flow in the vitreous gel. The ILL and
the posterior cortex due to its close relationship also have the possibility to act as a metabolic
buffer to the ciliary body and retina. Another physiological characteristic of the vitreous is its
prospect of supplementing the retina with glucose and glycogen during anoxic conditions. The
vitreous body contains electrolytes that have been additional in maintaining potassium
homeostasis of the retina by acting on the muller cells. The vitreous solution contains a dense
concentration of vitamin C which functions as a reservoir of antioxidants protecting the retina
from induced free radicals (19). Though, it has been proved in multiple studies that normal
function of the retina can be obtained after total vitrectomy. The metabolic buffer functions of
the vitreous has also been shown to not play a crucial role in ocular physiology. One of the
main physiological functions of the vitreous body is the allowance of unrestrained passage of

light beams to the retina by maintaining optimal transparency (1,8).
1.3. Natural History — Aging of the vitreous

Physiological aging of the eye leads to a sequel of events in the vitreous. Vitreous
floaters are an outcome of this biological process. Nonetheless, the clinical picture is usually
not evident until either concurrent or post-current events transpire. Two main processes are
essential in the aging of the vitreous; liquefaction of the vitreous gel and vitreoretinal interface
weakening. Both etiologies may lead to the event where vitreous floaters become clinically
important, most commonly associated with posterior vitreous detachment (PVD) (19). The
vitreous body in an adult person is majorly homogenous and gel-like. However, as showed in
Figure 2. liquefactions start early in life constituting about 25% of the vitreous volume after
the age 030 (19,20). With aging there is a physiological decomposition of gel substance called
liquefaction or synchysis, most notable where collagen density is the lowest, in the center of

the vitreous body. Synchysis appears to start early in life with a linear increase of liquid volume

(8).
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Figure 2. Graph portraying the vitreous volume constituting of both gel-like and liquid
type fluid composing the fluid throughout life. Note the early start of synchysis and its life-
long linear increase, appearing during the first 5 years of life in small concentrations. Each data
point represents the average, derived from the number of eyes listed across the top of the graph
(8).

The main reason to liquid formation is still unknown. There are three main theories to
why synchysis occur. One of leading hypotheses is the change of hyaluronan structure either
through HA-collagen interaction or through loss of HA. As mentioned above the hydrophilic
glycoaminoglycans are important in prevention of cross-linking of collagen fibers by drawing
water hydrating the matrix structure. Such a phenomenon would lead to collagen linking,
collapse and formation of lacunae, with increasing size in time. Additionally, the distribution
of collagen would further propagate formation (8,21). Support of this theory is found in patients
diagnosed with PVD showing to have a decreased concentration of HA in comparison to
patients with intact vitreous (8). Nonetheless, this theory has been criticized. Experimental
studies have shown that with almost complete removal of HA, synchysis was not produced in
the vitreous even with 90% extraction of of gel-volume HA (8). According to previous studies
the effect of aging increase molecular weight of hyaluronan and collagen fibrils, causing
covalent intermolecular crosslinking between peptide chains, an activity happening in collagen
throughout the body (22). The first lacunae are formed in the pre-macular vitreous at the
macula, being the prime sight for light interference and therefore also most vulnerable to its

effects (23). Accumulative effect of light exposure and glycosylation producing free radicals
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affect HA and collagen in presence of the photosensitizer riboflavin increasing both enzymatic
and non-enzymatic cross-linking sequences (24). The generation of protein cross-linking is
caused by the maillard reaction where formation of collagen binding between an amino group
and glucose produce insoluble proteins. Acceleration of this process is found in patients with

Diabetes Mellitus (25).

The effect of this imbalance causing liquefaction of vitreous is then replaced with
aqueous lacunae that merge together throughout time. HA is further redistributed with
concurring structural changes. Using dark- field microscopy, parallel anterior to posterior fibers
are observed, attached to the vitreous base and ora serrata. This corresponds to aggregation of
collagen fibers, no longer being separated by HA, becoming thicker and causing bundles which

consequently leads to aqueous lacunaes (4,26).

The second theory propose vitreous liquefaction associated with loss of type IX
collagen from the surface of the collagen fibrils. Type IX collagen binds to type II collagen,
which in physiological circumstances, maintaining spacing between fibrils. This inhibits them
to bundle together by as type II collagen have high affinity to each other. Shown to have a
shorter half-life of approximately 11 years the type IX collagen have shown to cause
aggregation of collagen (27). A third less prevailing theory have proposed that primary cause
to liquefaction could be collagen breakdown, more specifically type II collagen destruction
throughout time (28). As a consequence of liquefaction collagen further aggregates and
concomitantly cause dehiscence at the vitreoreoretinal interface results in entry of liquid
between ILL and posterior vitreous cortex. This provokes a process called syneresis where the

vitreous body collapses, further leading to PVD.

The second process in vitreous aging is the weakening of the vitreoretinal interface.
Even though almost all human eyes produce synchysis of the vitreous, only a small percentage
develop clinical symptoms of vitreous floaters. With a strong vitreoretinal interaction, vitreous
liquefaction rarely produces vitreous body collapse or a clinical significant outcome (29). With
time weakening happens at the interface and symptoms occur. However rarely before the age
of 60 (30). The pathophysiological mechanisms of weakening are still unknown. One theory is
that the muller cells interacting with ILL which leads to partial synthesis of extracellular matrix
components of the vitreoretinal interface. Studies has shown an association between muller cell
infarctions and ILL thickening that have overtime mechanically prevents production of matrix

proteins to reach the interface, leading to vitreoretinal interference weakening (8).



These two processes cause inhomogeneity of the vitreous provoking light scattering
and diffraction leading to visual perception of vitreous floaters. According to T.Ivanova et al.
symptomatic vitreous floaters can be found without the definite weakening of the vitreoretinal

interface causing posterior vitreous detachment (31).

Clinically important for symptomatology and the final step of vitreous aging, the most
common cause of diagnostic vitreous floaters is PVD, defined as a complete separation of
vitreous from retina everywhere posterior to the vitreous base. Splitting can also occur within
the cortical vitreous or within the ILL resulting in components being present within the
detached posterior hyaloid membrane. During PVD often a ring of fibrous tissue is found
detached from the optic nerve. It is frequently visible in the cortical vitreous gel called “Weiss
ring” (18,28,32). PVD can occur as a sequel of natural processing or be an initiator of
vitreoretinal pathologies. Studies have suggested that up to 24 % of symptomatic PVDs result

in retinal complications (33).
1.4. Etiology

Previously called myodesopsia (Greek) or muscae volitantes (Latin), vitreous floaters
are opacities that produce linear gray shadows with focal dark spots, motile with head and eye
movement, corresponding to inertia of vitreous body and intravitreal currents. The vitreous
opacities move with characteristic damping due to viscous drag (33). Arising from endogenous
and exogenous sources, etiology of vitreous floaters is divided into primary and secondary
vitreous floaters. Endogenous or primary floaters, caused by collagen bundles interference with
photon transmission to retina consecutively increasing the sensation of opacities. The origin of
different types and their appearances is unknown (34). The most common etiology of primary

vitreous floaters is posterior vitreous detachment followed by myopic vitreopathy.

Secondary or exogenous floaters consists mainly of proteins, amyloid or cells. Most
common origin being pre-retinal or vitreous hemorrhage (3). Other causes are asteroid hyalosis,
collagen disorders such as Marfan, Ehlers-Danlos, Sticker and Knobloch syndromes, all which

have been associated with acceleration of vitreous liquefaction and symptomatic opacities (35).
1.5. Epidemiology

The clinical significance of vitreous floaters is determined mainly by underlying
diseases or subjective symptomatology. Men and women appear to be affected equally (36).
However, according to Schulz-Key et al. the onset of PVD started significantly earlier in the

female gender compared to the male gender (37). The mechanism for the age disparity has been
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attributed to postmenopausal loss of estrogen causing decreased synthesis of hyaluronan
(31,38). According to a recent study made on patients younger than 50 years of age, an
electronic survey administered 603 people via mobile phones demonstrated 76% of individuals
reporting vitreous floaters and 33 % reported impairment in vision due to floaters. They
concluded that floater prevalence was not significantly affected by respondent age, race,
gender, and eye color and that they were found to be a very common phenomenon in the non-
clinical general population sample (39). However, few studies have been done on the baseline
characteristics and the prevalence of vitreous floaters on nonclinical populations (40). Schulz-
Key et al. estimated the incidence of symptomatic vitreous floaters to 3.1/100.000 per year
based on their cohort study of 80 patients over a 9-year period in Sweden (38). Epidemiology
of PVD, one of the most common events that occur in vitreous and a strong indicator to
symptomatic vitreous floaters have in studies showed to be present in 51 - 65 % of all eyes by
the sixth decade of life (39). Several factors other than age have shown to influence onset of

PVD.
1.6. Classifications

Vitreous floaters can be divided into subclinical and symptomatic floaters (41). Due to
lack of symptoms the etiology to these subclinical floaters cannot be determined, as there seems
to be a distinction between physiological, nonclinical floaters and floaters that distress patients
and lead to clinical presentations (42). Perception originates from subjective, direct
visualization. There is no standard classification for subclinical vitreous floaters. However,
Institutional Repository University of Antwerpen designed a system of classification that
would assist patients in indicating what they observed presented in (Figures 3 and 4). Their
system structurize vitreous floaters into 3 main categorical groups. The first group being
transparent floaters. They are described as delicate, see-through structures but with clear
defined shapes. Subgroups of these shapes are delineated as cells (C), strands (S) and
membranes (M) (Figure 3) (41). Quantity of floaters were graded 0-3. The second categorical
group are opaque floaters which are optically dense structures with verifying size and
morphology with further grading based on size and number. This group is also described as
well-defined (sharp, dark edges) or ill-defined (fuzzy, indistinct edges) which are noted by
additional letter “I” to the classification (Figure 3). Third group called “others” was added to

account floaters with a ring-shaped morphology (41).

Reason to non-standardized classification may be owning to ophthalmologists, instead

of categorizing type of floaters in symptomatic patients, they choose to use PVD classifications,
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secluding the floaters as symptoms of an acute PVD, neglecting its importance. Another reason
to this lack of assortment may be that floaters, until recently, have by medical community been
viewed as an innocuous and benign activity with good outcome (no need for interventions) that
improves over time needing no greater reason for classification. In most publications
researchers usually describe symptomatic floaters as string and nod like or spider-web like

floaters (3,41).

Due to lack of correlation between type of floater and discomfort of symptoms there
seems to be of no great importance for detailed classifications of vitreous floaters in clinical
ophthalmology. Nevertheless, due to lack of evidence, correlation between a patient’s
perception and change in measurable visual acuity creates a significant problem in treatment.
Without a significant decline in visual acuity, surgeons are uneager to interfere. The difficulty
is not associated with the patients’ perception, but rather the lack of appropriate assessment
tools and way of classifying symptomatic vitreous floaters creates a need for a metric to
quantify the outcome (3). Worth mentioning in this diploma thesis is the review by T. Ivanova
et al. dividing symptomatic vitreous opacities (SVO) into two main categories; SVO without

PVD and SVO with PVD (31).

\ Floater assessment charﬂ

Floater Type Characteristics

Transparent floaters
C Cells, free-floating transparent dots, Category 1 Category2  Category 3

points, or “bubbles” r 1 r 1 r .
S Strands, free-floating strings, lines of an Cells e
length or shape ¢ ¢ ’ LJ LJ L
M Membranes, free-floating larger nonlinear r 1 " 1 rj
structures, curtains Sherids f ’ .
SSI Small, single free-floating point (ill-defined) LJ s LJ Others
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Figure 3. Floater shapes (41). Figure 4. Floater classification system (41).
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1.7. Clinical Manifestations

Symptomatic vitreous floaters found without PVD are caused by natural physiologic
aging of the vitreous liquefaction causing aggregation of collagen fibrils, when sufficiently
large become visible causing the opacity symptom. Liquefaction in conjunction with age-
related weakening of the vitreoretinal adhesion result in symptomatic vitreous opacities with
PVD. The clinical manifestation of vitreous floaters in this thesis is mainly based on the
diagnosis of PVD. Usually PVD is asymptomatic until final stage of vitreo-retinal dehiscence.
However, even then there may be no signs of manifestation. Most common symptom of PVD
is vitreous floaters (1,28). Another common sign is photopsia or Moore's light flashes. These
flashes occur within 27 to 42 % of cases, resulting from traction or impact exerted by the
vitreous onto the retina increasing the risk of retinal tears. Similar traction on vascular structure
of retina or optic disk can induce hemorrhage in 21% of eyes with symptomatic PVD (8).
According to Sebag, PVD has during a long time been perceived as an acute process owning
to a long activity of liquefaction. By the use of optical coherence tomography (OCT) efficient
identification of PVD have been enabled. (7)

Floaters emerging from intravitreal structural changes, example being myopic
vitreopathy tend to be chronic and progressive as compared to floaters originating from PVD
which tend to be acute in onset though, transient (41). Floaters are more noticeable when
situated in the visual axis. Once floaters are formed, they cause an area of uniform partial
illumination called penumbra radiated dorsally onto the retina. According to T.Ivanova et al.
(31) over time residual gel continues to further collapses, moving the posterior hyaloid
membrane anteroinferior, causing the primary floaters to become less visible, partly owning to
adjustment. According to Serpetopoulas et al. there has been mathematically shown that the
shadow of the vitreous opacity on the retina is determined by the diameter of the opacity and
distance from the retina as the overall distance between the pupillary plane and retina. When
the vitreous floaters move forward their shadow no longer reach the retina and the patient
neglects perception of them or being aware of them intermittently (42,43). However, opposing
this theory Milston ef al. stated that no data has been proved to support the concept that these

endogenous floaters become less symptomatic when confined below the visual axis (3).

Most patients with symptomatic vitreous floaters have no loss of visual acuity and the
treatment is predominantly patient-driven. The majority of patients with transient symptoms
learn to accommodate to the symptoms and even neglect them. Nonetheless, a small group

complaining on vitreous floaters having a significant impact on the quality of life (44).
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Symptomatic floaters have been associated with retinal breaks or serious retinal detachment,
specifically when symptoms are sudden and accompanied by light flashes. PVD has been
associated with significant reduction in contrast sensitivity function as well as functional
quality of life when comparing effect of age-related macular degeneration or other systemic

diseases on quality of life (3).

Kim et al. made a predicament in their cross-sectional study that patients with
symptomatic vitreous floaters suffered more psychological problems such as depression, stress
and anxiety when compared to control group (45). Furthermore, there was a degree of floater-
related discomfort correlating with severity of psychological distress. Cipolletta et al.
approached symptomatic vitreous floaters from a psychological perspective, suggesting that
some patients who continued to complain on vitreous floaters after consulting an

ophthalmologist, did not necessary associate with any ocular pathology (40).
1.8. Risk Factors

In previous articles there has been no mentioning of risk factors for vitreous floaters.
The reason being that they most often are asymptomatic and benign (3). Aging of the vitreous
humor being a great factor of importance is described as natural history as it’s a physiological
phenomenon and not a pathogenic one, only contributing to the sensation of vitreous floaters.
PVD, myopia, asteroid bodies and others have been pointed out as etiological factors or
causative factors of symptoms but are not increasing the risk for floaters merely the perception
of already produced floaters (46). Collagen disorders such as Marfan and Stickler syndrome
are two risk factors for earlier onset of PVD but once again causes earlier perception of vitreous

floaters (3,47).

Therefore, in this diploma thesis no further discussion on risk factors for vitreous

floaters will be debated.
1.9. Complications

PVD is mostly a natural part of physiological aging and does not usually result in any
complications however, in few cases PVD can be the inciting cause of multiple vitreoretinal
pathologies. Studies have suggested that up to 24 % of symptomatic PVDs result in retinal
complications (8,35). Early PVD is often undetected and asymptomatic. Nevertheless, there
has been described events where pre-clinical PVD antecedent to complete PVD led to
substantial consequences affecting both the vitreous and retina. Sebag et al. postulated the

concept of anomalous PVD (APVD) describing it as the disconnection between liquefaction
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and interface dehiscence (8). Milston et al. described this as rhegmatogenous PVD (3). The
pathological manifestation of APVD is determined by location of persistent gel adhesion. One
example is the macula, causing vitreo-macular traction syndrome. At the disk or blood vessels
vitreo-papillary traction or retinal hemorrhage was found, respectively. A second importance
in pathology of APVD is the structural integrity of the vitreous cortex where the lamellar
structure can split (vitreoschisis) causing more posterior vitreous cortex layers to remain
adherent to the retina (8). In further studies by Johnson et al. advancement was made in
understanding and creating two categories based on size of adhesion. Smaller sizes (500 pm or
less) caused a localized tractional force with high stress over a small area of the central macula
with negative quality of life outcomes and ocular pathologies such as full thickness macular
holes, pseudo-operculum, vitreo-faveolar traction syndrome (48). Large adhesion zones (500
um or greater) disperse the traction force, with less traction stress, being less likely to create
macular holes but instead vitreomacular traction syndrome or traction diabetic macular edema
and possibly neovascular age-related macular degeneration (8,48). Both Sebag and Johnsons
models contrast physiologic, uncomplicated PVDs with PVDs that are complicated by
vitreoretinal pathology, recognizing macular and peripapillary areas as most common sites of
adhesion and that variations in size and strength are important factors in determining PVD
complications (49). Johnson ef al. emphasized evolution and complication of early stages of
PVD as Sebag described the role of vitreoschisis. Both models suggest that late complications
of PVD such as retinal tear, detachment and vitreous hemorrhage occur only after
vitreopapillary separation due to increased traction forces. Another late complication is cataract

formation, presumably due to changes in oxygen tension in the vitreous cavity (49).
1.11. Diagnostic Methods
1.11.1. Ultrasonography

Ultrasonography (US) is routinely used to establish the diagnosis of PVD and rule out
retinal detachment. Quantitative ultrasonography of vitreous and quantitative index of vitreous
echodensity have also been used to assess floater severity. The ultrasound is based on reflection
or scattering of high-frequency sound waves caused by acoustic impedance inhomogeneity’s
or interfaces. Acoustic impedance is defined as the outcome of speed, sound and density.
Similar to OCT there is a refractive index alteration causing light to scatter or reflect. The main
advantage of US over OCT is its penetration. The US can visualize the entire vitreous without
being disturbed by iris and sclera. Ultrasound is a good diagnostic tool for imaging opacities

within the entire vitreous body based on echo-density and impedance difference at gel-liquid
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interface. Using conventional B-scan ultrasound assessment can be made to differentiate sound
wave impedance at interfaces of tissues with different densities. US can discriminate retina
from vitreous or liquefied vitreous from physiological gel vitreous. There is also found to be a
positive correlation between quantitative ultrasonography, contrast sensitivity and quality of
life (quantified by National Eye Institute Visual Function Questionnaire) which can be used to
measure effects of vitrectomy, Nd:YAG laser vitreolysis and pharmacologic vitreolysis (50).
B-scan ultrasound can be used to visualize floaters since they have different acoustic reflection
compared to normal vitreous gel. On the B-scan they are represented by increased speckling of
the image which has also been shown to increase with age. Disadvantage of the US when
compared to OCT is that it requires acoustic coupling, such as gel in a contact exam. On US,
the posterior vitreous cortex is not detectable when attached to the retinal surface. It may detect
and differ age-related PVD and pathologic phase alterations within the vitreous body. B-scan
ultrasonography can be used in suspicion of a PVD however, it cannot define vitreous cortex
due to insufficient level of resolution. When the posterior vitreous cortex is sufficiently
displaced anteriorly the diagnosis of complete PVD can be reliably established by
ultrasonography (8).

1.11.2 Optical Coherence Tomography

Optical Coherence Tomography (OCT) technology is used for retinal imaging,
glaucoma imaging and imaging of the anterior segment. OCT signals are generated by
reflection and scattering of light by refractive index inhomogeneity’s present in tissue. By using
a Michelson interferometer, it is possible to measure range and backscatter amplitude along
numerous lines of sight from at cross-sectional image. Coherence is defined as a measure of
ability of a light source to produce high contrast interference fringes when interfered with itself
(8). In spectral-domain OCT (SD-OCT) the interference pattern between a reference mirror and
the sample is broken into a spectrum by an optical grating with the spectrum being recorded.
Swept- source OCT (SS-OCT) offer several advantages over grating-based SD-OCT, including
more adequate sensitivity with imaging depth, longer imaging range, and higher detection
efficiencies (3,51). OCT gives us a detailed imaging of both transverse and coronal aspects of
the vitreoretinal interface. Combination of OCT with scanning laser ophthalmoscopy can be
used to more adequately evaluate the interface in various pathological states. However, OCT
only images floaters that are within a few millimeters of the retina and cannot therefore identify
all vitreous opacities, those found in anterior and central vitreous (8). Nonetheless, OCT has

demonstrated in vivo areas of shadowing behind vitreous opacities defining them as “floater
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scotomas” (8). OCT technique can be misdiagnosed when empty space of posterior precortical
vitreous pockets are thought to be complete PVD. When uncertainty is found it could be
distinguished by observing the peripapillary region to ensure vitreous status because the area
where the vitreous is attached until complete separation (3). Following the ultrasound
nomenclature, a one-dimensional representation of amplitude along one line-of-sight is called
an “A-scan,” while a two-dimensional cross-sectional image formed from a series of lines-of-

sight is called a “B-scan”.
1.11.3 Scanning Laser Ophthalmoscopy

Scanning Laser Ophthalmoscopy (SLO) can be used for evaluating and documenting
vitreous floaters. This imaging technique can conduct both the umbra and penumbra casts, and
by visualizing these quantitative measures can be used as a diagnostic tool to measure the index
of clinical severity (52). This instrument includes the features of large depth of field and also
offers real-time recording. The use of monochromatic green as well as other wavelengths of
light have been used for illumination. However, SLO only improves imaging of vitreous in
prepapillary posterior vitreous and does not adequately image the vitreous body and posterior
vitreous cortex. Thus to diagnose PVD alone is not sufficient. However, a combination of SLO
imaging with OCT has shown in new studies to enable better visualization of the vitreous and
vitreoretinal interface (48). SLO/OCT are able to perform OCT imaging in the coronal plane
simultaneously to SLO imaging with exact point-to-point registration thus enabling the

superimposing of the OCT image onto the SLO image (3,52).
1.11.4 Dynamic Light Scattering

Dynamic Light Scattering (DLS) uses a laser-based nanodetector as a noninvasive in-
vivo visualization of particles ranging from 3 nanometers to 3 micrometers within the ocular
media, including cornea, lens, aqueous and vitreous (8). This imaging technique can evaluate
effects of vitreous macromolecules following pharmacologic vitreolysis (8). According to
Sebag the use of DLS to study vitreous biophysical properties will play the future role in

diagnosing and routinely evaluating the vitreous structure and its pathologies (3,53).
1.12 Clinical measurements

Objective clinical measures can determine the severity of floaters both on structural
(quantitative ultrasonography, OCT) as well as functional (Quality of Life Assessment,

Contrast Sensitivity and Light Scattering) criteria.

16



1.12.1 Quality of Life Assessment, Light Scattering and Contrast Sensitivity.

Studies suggest that vitreous floaters have a significant negative impact on the quality
of life. A strong positive correlation was detected between quality of life assessment using
standardized national eye institute visual function questionnaire and quantitative
ultrasonography objectively supporting this theory (8). Other studies used non-standardized
self-administered questionnaires. Though, also detecting same correlation (8). Wagle et al.
cohort study on 266 patients using standardized utility value questionnaire, concluding that
symptomatic degenerative vitreous opacities showed a negative impact on quality of life.
According to the same study patients were willing to accept a 7 % risk of blindness (3,39).
Light scattering or disability glare is perceived when light is spread around a bright light source.
Van den Berg et al. published a review explaining that this phenomenon included symptoms
such as hazy vision, difficulty driving at night and decreased facial recognition (54). De Nie et
al. examined the effect on quality of life looking at vision-dependent tasks. In this study more
than two-third of patients had moderate or extreme difficulty in reading small print as driving
at night. They concluded that vitreous floaters for some individuals are just as problematic as
other well-established ocular pathologies, despite patients with SVO having good visual acuity
(3,55). Contrast sensitivity (CS) measurement is used to complement visual acuity testing, by
evaluating 100% contrast within the central degrees of the visual field. Sedun and Sebag
recently hypothesized that floaters affect vision, negatively impacting quality of life by
reducing CS via light scattered from vitreous floaters. This creates large penumbras degrading
the CS. Furthermore, they stated that CS in patients with vitreous floaters normalized following

treatment with a positive correlation between quality of life and degree of vitreous opacification

(56).
1.12.2 Psychological Perspective in Patients with Symptomatic Vitreous Floaters

Particular personality traits are more likely to consider SVO an ocular pathology severe
enough to justify treatment. To today knowledge, two different hypotheses tries to explain this.
Schiff et al. stated that professionally successful and intelligent participants noticed vitreous
floaters more frequently and had an increased desire to have them treated (46). Roth et al.
identified a correlation between subjective distress caused by SVO and level of education
(3,56). Schulz-Key et al. suggested that patients with personal traits showing persuasive and
stubbornness were more selected to treatment (37). All these studies have suggested certain
potential personality traits. However, no definitive evidence has proved these two theories.

According to Milston ef al. most patients do not fit this profile and are simply seeking improved
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quality of life, further stating that it’s difficult to distinguish patients’ dissatisfaction due to
floaters and other psychological reasons thus fixating them on their vitreous opacities (3). In a
cross-sectional study by Kim Y-K et al. (45) most patients, evaluating both objective
anatomical status and subjective psychological features, showed a correlation between
symptomatic vitreous floaters and patients suffering from more profound psychological
problems, such as depression, anxiety and stress compared to the control group. The degree of
floater-related discomfort was well correlated with severity of psychological stress. The
psychological health questionnaire used showed that patients with symptomatic floaters to
belong to sub-threshold depression. However, it is uncertain if participants with greater
depression, rate their floater symptoms as more severe (3). An association between complete
PVD and degree of vitreous opacity uncomfortableness was less significant, stating that a
complete PVD might be an important initiating factor. Though, degree of symptoms is different
from patient to patient. Yong et al. concluded that even if the presence of SVO was mostly
determined by anatomical status the severity of symptoms was more related to the degree of

patient’s psychological distress (48).
1.13. Treatment Modalities

Patients being diagnosed with vitreous floaters are mainly managed conservatively with
suggestions that they will adapt and neglect visual symptoms over time as the floaters will
settle inferior to the visual axis. Before considering treatment options it is crucial to make a
thorough family history of previous ocular pathologies, prematurity, feeding problematic,
arthritis and midline defects (8). Fundoscopic examination is used to rule out differential
diagnostics, as well as OCT and fluorescein angiography are used to detect areas of

nonperfusion (8).
1.13.1. Pars Plana Vitrectomy

Surgical vitrectomy removes the vitreous and its associated floaters. Replacing it with
saline solutions due to its translucency and inertia through small openings in the pars plana. A
variety of techniques have been used: conventional 23-gauge pars plana vitrectomy (PPV) with
3-port trocar, bimanual 23-gauge vitrectomy with 4 port trocar, 25- gauge pars plana
vitrectomy, vitrectomy combined with cataract surgery, as well as 27- gauge vitrectomy (3).
Numerous studies have evaluated the success of vitrectomy for treating vitreous floaters when
weighting potential risks. According to major review in 2016 by Milston ef al. 630 cases were

reported using various sized instruments and different degrees of invasiveness where all
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vitrectomies removed collagen and hyaluronan as contradistinction to Nd:Yag laser treatments
where only collagen is targeted.(3). Being the most common approach for surgical procedure
in a variety of retinal pathologies such as retinal detachment, macular hole, epiretinal
membrane and proliferative diabetic retinopathy, often using the three-port entry pars plana
victrectomy with microscope visualization and endoillumination (57). Current surgical
techniques are transconjuctival sutureless vitrectomies having both minimal incisional size and
adhesive characteristics of the eye (3). Aspiration settings and cut rates per minute are between
400-600 and 1800-2500, respectively. The amount of vitreous removed varies with individual
surgery and amount of preservation. The salt solution infused varying from 5 — 15 ml, although

no study on measurements have been performed (58).

Schiff et al. included 5 patients (6 eyes) who were either pseudophakic or aphakic,
showed an increased postoperative visual acuity in all patients with no surgical complications
(46). Assessing the quality of life with NEI VFQ showed positive impact in different measures
(3,33). Delaney et al. presented a positive outcome in 15 patients (11 out of whom had been
usuccessfully treated with Nd:Yag laser), when using vitrectomy in these patients stated a
complete resolution of symptoms in 14 patients was found (5). Schulz-Key et al. evaluated
long-term results of pars plana vitrectomy for floaters in 73 cases with an average follow-up of
37 months using a questionnaire. Patient satisfaction was found in 88% of patients (37). Tan ef
al. analyzed the safety of vitrectomy by measuring the incidence of iatrogenic retinal breaks in
all 116 patients, found in 16.4% of operations. 2.5 % of the patients were affected with post-
vitrectomy retinal detachments (59). Across different study surveys, results showed a positive
outcome on quality of life ranging from 85 to 100% (40). Sebag et al. published a prospective
study on pars plana vitrectomy (PPV) performed in 76 eyes. Patients without PVD were
induced with floaters-only-vitrectomy (FOV) stating that this theoretically would decrease the
risk of iatrogenic retinal breaks by leaving anterior vitreous in situ to protect the lens against
free oxygen radicals and reduce the post-surgery cataract development. It was concluded that
with this technique contrast sensitivity was normalized in all cases up to 9 months

postoperatively, with no case of post-PPV retinal breaks or retinal detachment (60).

Among these different research articles with 630 cases reviewed by Milston ef al. a
range of different complications were reported. The most common complication is the
development of cataracts (3). Occuring in 53 to 76 % of cases, depending on pathology and
systemic conditions, the studies have shown risk of cataract development within 2 years in

patients over 50 years of age (63). However, with use of FOV with anterior vitreous sparing
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reported a rate of cataract development being 23.5% (over 15 months) and 22.5 % (over 18
months) (3,33,40,61-63). Endophthalmitis is a potential complication ranging from 0.018-0.04
% in postsurgical cases. Retinal breaks varied between 0-16.4%, more commonly reported in
studies with longer follow-up periods (3). The induction of PVD during surgery in non-
symptomatic patients would often aggravate PVD during the vitrectomy. One common
complication of PPV are changes in intraocular pressure which may lead to either hypo- or

hypertension, the latter being more common (61).
1.13.2. Pharmacologic vitreolysis

Nonsurgical therapy has been under development, so far seven agents have been
explored in 5 clinical studies that either failed or were stopped. Clinical trials of ocriplasmin,
now being approved by FDA (US Food and Drug Administration), have shown safety and
efficacy for symptomatic vitreomacular adhesion and traction. EUEMA (European Union
European Medicines Agency) have approved using ocriplasmin for treating vitreomacular
traction and macular holes (3). Theoretical concerns have been towards effects on zonules and
photoreceptors. However, it has not been showed in clinical trials in patients receiving
pharmacological treatment (62). Studies which carefully monitor the effects of pharmacologic
vitreolysis are important due to the nature of the agent. Though, theoretical consideration and
even clinical evidence have implicated that pharmacological treatment might rather than
suspend floaters, induce them (62). In large multicenter clinical trials, the incidence of floaters

in patients treated with ocriplasmin was twice as high as in controls (63).
1.13.3. Neodymium-doped yttrium aluminum garnet laser vitreolysis

Today neodymium-doped yttrium aluminum garnet (Nd:YAG) lasers are mostly used
in treatment of posterior capsule and anterior vitreous membrane opacification. Recent clinical
trials have developed a system called Reflex (Ultra Q Reflex laser) which allows coaxial
lightning (light source positioned on same optical axis of slit-lamp microscope and laser beam)
(64). Vitreous floaters are dissolved by focusing the laser together with a slit lamp showing the
opacities. The main target of Nd:Y AG laser is to reduce the mass of collagen fibril aggregates,
disintegrating it down to small fragments which theoretically allows them to be displaced from
the visual axis.(65). YAG laser achieves disruption by a high frequency electromagnetic field
with a temperature of more than 4000°C creating plasma causing shock waves converting

vitreous floaters into gas form. It has been defined as a treatment option for opacities found
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further away from the retina. Unlike PPV, Nd:YAG laser is focusing on collagenous opacities

minimally affecting the hyaluronan (3).
1.13.3.1. Treatment steps

In pre-treatment phase, importance is stressed in appropriate explanation of procedure
and risks to the patient. The pupil should be fully dilated at eye examination with attention to
retina and periphery. Recommendation for extending size of the puil is to combine both
tropicamide and phenylephrine. The topical anesthetic should be put with 2-3 instillations a
few minutes apart. The Nd:Yag laser is fixated with a treatment spot size at 8 micrometers and
pulse width of 4ns with fluctuating energy and number of pulses fired in one shot. The offset
of the treatment laser beam in respect to the aiming beam can also be set anterior through to
posterior. Prior to the treatment it is preferable to explain to the patient the sound of a shutter
opening with every shot which occur after the doctor place the contact lens on the patient’s
cornea. The energy needed to perform vitreolysis requires high levels, having to pass through
more optical media than during capsulotomy therapy. It is advocated to start with a low level
of energy, titrating up to adequate vaporization levels causing collagen breakdown of vitreous
opacities. According to Gerbrandy et al. the minimum level required to create this dissolution
of vitreous opacities is theoretically around 2-2.5 mJ. Though, most treatments are performed
at an energy quantity of 2.5-4.5 mJ depending on depth of vitreous floater (31). Pulses can be
increased to double or triple per shot, which should be done before increasing the energy.
Recommendation is to limit the number of shots per treatment to a maximum of 500. Obtaining
a clear view is of uttermost importance as accidental shots to the lens or retina may occur if the
aiming beams are not coincidental or superimposed. The adequate distance from the lens
should be more than 2-4 mm from the retina considering a wide safety margin. Bonner et al.
revealed that energies ranging from 2 to 6 mJ safely cause vitreolysis (in rabbits) if the
membranes are at least 2 mm from retina (3,31). During the treatment the vitreous floaters may
be moving due to shock waves from each shot fired. Advisable guidelines commence to treat
anterior vitreous floaters first proceeding inwards, enabling the doctor to remove opacities that
may impede vision of posterior structures. Likewise, treatment should start from superior to
inferior as gas bubbles may occlude vision if inferior ones are treated first. Avoiding Nd:YAG
laser in the direction of the macula is of superior importance. Post-treatment medications are
usually not necessary. In rare cases inflammation of the anterior segment has been observed
which was treated with non-steroidal anti-inflammatories. According to previous experience

there are no restrictions on patient activities. They may see small, dark specks in their lower
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visual field 15-30 minutes following the procedure. Patient cannot adequately evaluate the

treatment outcome until constriction of pupils (64).
1.13.3.2. Efficacy

There have been several published studies claiming efficacy of Nd:YAG laser
vitreolysis. However, only a few case reports are available. Due to highly variable design,
treatment protocols, small sample size, assessing the outcome and success subjectively, not
using standardized questionnaires, efficacy majorly rely on self-reporting. Milston argues that
there were no objective outcome measures of neither vision nor vitreous structure in any of the
studies (3). By using subjective measurements, the success rates were highly variable, raining
from 0 to 100%. The number of required sessions ranged between one and six (3). However,
in a study performed by Shaimova ef al. which included 144 patients (173 eyes) assessing the
effectiveness of treatment where by using a patient questionnaire, basing objective data on
SLO, OCT angiography and photo-registration. They stated that objective quantitative
assessment, being highly significant for clinical purposes of dynamic observation would

optimize indications for treatment and assess Nd:Y AG laser vitreolysis effectiveness (40).

The original study on Nd:YAG laser vitreolysis in 1993 by Tsai et al. (3,5,67) stated
no complications reported at post-interventional month 12 and complete resolution of
symptoms in all 15 patient. The treated vitreous opacities in this study were located centrally
and less than 3, with a minimal distance from the retina being 4 mm (67). Treatment modality
and tool were an ophthalmoscope and a flat fundus lens of the Goldmann three-mirror lens,
power set 5-10 mJ with one pulse per shot. The total energy depended on the size and varied
from 71-742 m] (40). Little et al. reported the use of Nd:YAG laser in 25 eyes with
symptomatic vitreous opacities being effective in only 14 eyes using energy levels up to 15 mJ
(66). Delaney et al. concluded that Nd:YAG laser relieved symptoms in one third of patients
and a clinical improvement (only moderately graded) was assessed as 50% by 93.3 % of
patients (5). However, in their study a maximum pulse energy of 1.2 mJ was used. At this low
power levels, the vitreous collagen bundles are fractioned but not vaporized. (67). Vandorselaer
et al. state that success directly correlate with type of floater and its suspension characteristics
(68). Shah et al. publicized their study in 2017, containing 52 patients (52 eyes) with a
maximum energy amount of 7 mJ, initially starting at levels of 3 mJ. They concluded a 53%
significant or complete resolution at postoperative month 6 (69). Luo ef al. conducted a study
based on 30 patients (30 eyes) with an energy delivery of 1.5-2mJ per shot at beginning with

gradually increased power up to 7 mJ. They recorded a 75 % “‘significant success” and a “partial
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success” of 25 % with no postsurgical complications at month 6. Luo claims that the advantages
of Nd:YAG laser were non-invasive, low cost, short duration with immediate effect and lesser

risk of complications (70).
1.13.3.3 Safety and Risks with Procedure

When Nd:YAG laser achieves disruption and evaporation causing shock waves, these
may not only disrupt opacities but also cause damage to the adjacent lens and retina. This

depend on laser energy used and distance of the focal point (71).

Milston et al. reviewed that a minimal complication rate was reported with only one
case of uveitis and transient increase IOP across all studies. She further claimed that studies
had shown complications raised when Nd:Y AG laser were used within 2-4 mm from the retina
or lens, at high energy levels (3). Ivanova et al. discuss multiple studies reporting complications
in all patients (post-surgical month 12) after using Nd:Y AG laser including; cataract formation,
retinal and choroidal haemorrhage, retinal breaks and damage to retinal pigment epithelium
(31). Shah and Heir reported rare complications after postsurgical month 6. However, they
stated that because sufficient data was not be provided, Nd:YAG vitreolysis could not be

concluded as a safe procedure (40).

Lim discussed that their rare complication rate cannot be generalized. Using an energy
level of 7 mJ. (71) The study by Little et al. using 15 mJ concluding complications consisting
of retinal hemorrhages, lens damage and retinal tears with retinal detachment (66). Hahn e al
reported a brief report assessing voluntary reports to the American Society of Retina Specialists
during a six-month period in 2016-2017 describing complications in 15 patients similar to those
found in the study by Little et al. study (66,72). Delaney et al. claimed a worsening of
symptoms in 7.7% of their patients using an energy level of 1.5 mJ however, they did not
conclude any post-surgical complications (5,31). Stein discuss that the most common cause of
injury is directly correlated to both power of energy of laser as the proximity of injury. He
further claims that experiments in eyes of humans and animals have shown harmful
consequences of the retina and choroid haemorrhage at energy levels between 1-3 mJ (73).
O'Day et al. published an article in 2018 describing a case of bilateral cataracts with posterior

capsule defects caused by Nd:YAG laser vitreolysis (74).

Cowan et al. reported three cases of refractory open-angle glaucoma after Nd:YAG
laser vitreolysis (75). There were no immediate complications as seen in some patients with

transitient increase in intraocular pressure (IOP), returning to normal levels after 5-7 days with
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use of acetazolamide and timolol in majority of cases. No associated inflammation, steroid use
or other identifiable origin was proved to cause chronic IOP. Cowan et al hypothesized that
chronic increase in IOP is attributable to delayed migration of vitreous micro-debris into the
anterior chamber angle, alternatively macrophage laden blocking trabecular meshwork or

shockwave damage to the trabecular endothelial cells (75).

1.13.3.4 Prognosis

Kokavec et al. constituted a systematic review in 2017, trying to evaluate and compare
effectiveness between Nd:YAG laser vitreolysis and PPV identifying 338 records (57).
However, after duplications, removing irrelevant references, screening the remaining articles
they concluded that they could not find any randomized control trial (RCT) or quasi-RCT that
met their inclusion criteria. RCTs offer the ability to make causal inferences, providing
strongest proof for a treatments effectiveness. They concluded that there was no strong
evidence to recommend Nd:YAG laser vitreolysis over PPV (or vice versa) for treatment of
symptomatic floaters. Kokavec et al. indicate that further evaluation must be done, longer
follow-ups, standardized questionnaires and requirements of standardized thresholds of
change. This would improve measurments of the outcomes (57). Nd:YAG laser vitreolysis is
considered an alternative technique that can offer treatment of symptomatic vitreous floaters,

expanding its use (75).
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2. OBJECTIVES
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Aims

1. Assess the benefits of treating vitreous floaters in symptomatic patients with
Nd:YAG laser vitreolysis determined by a vision-related quality of life
questionnaire, pre- and postoperatively.

2. Assess the efficacy of using Nd:YAG laser vitreolysis in SVO.

3. Assess the safety of using Nd:YAG laser vitreolysis in SVO.

Hypothesis

1). Based on vision-related life-quality questionnaire, treating SVO with Nd: Y AG laser

vitreolysis will improve quality of life in patients.

2). Nd:YAG laser vitreolysis is a safe and effective treatment in patients with vitreous

floaters.
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3.MATERIALS AND METHODS
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3.1. Ethical background and data collection

All data used for this thesis was gathered at the Ophthalmology department of University
Hospital of Split, and was approved by the Ethics Committee of University Hospital of Split.
The study adhered to the doctrines outlined in the Declaration of Helsinki and a written

informed consent was obtained from all study participants.
3.2. Study purpose

Currently, there 1s insufficient evidence in literature for the optional treatment of vitreous
floaters with Nd:YAG laser vitreolysis. The variability of outcomes and complications with
the majority of research articles, being retrospective makes it difficult to predict the

effectiveness and safety of Nd:Yag laser vitreolysis in patients with vitreous floaters.

Patients with symptomatic vitreous floaters are most commonly treated conservatively.
Today, one of the major optional interventions for highly symptomatic patients with persisting
vitreous floaters impacting their quality of life is Nd: Y AG laser vitreolysis. The purpose of this
study is to assess Nd:YAG laser vitreolysis by measuring its outcome using a vision-related

quality of life questionnaire.
3.3. Participant recruitment

Between April 2, 2019, and May 21, 2019 participants were recruited by medical
doctors at the Ophthalmology Department, Split University Hospital. Patients with
symptomatic vitreous floaters with a strong desire for treatment and who agreed to participate
in this study were consecutively enrolled. On the account of previous studies, decision was
made to conduct a prospective study of patients who received Nd:YAG laser vitreolysis as

treatment for symptomatic vitreous floaters.

A total of 10 eyes from 10 patients (4 men, 6 women) were diagnosed with symptomatic
vitreous floaters. Participants age was ranging from 45-77 years with an average patient age of

68.5 years.
3.4 Inclusion and Exclusion Criteria

In this study we included patients with clinical symptoms of vitreous floaters above the
age of 18 years that were able to give a written informed consent to the procedure. They were
clinically diagnosed with either symptomatic vitreous floaters or posterior vitreous detachment.
Participants who were unable to undertake the procedure, had an obscured anterior segment of

the eye, blurring of the natural lens or artificial lens and an indistinct posterior ocular segment
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were excluded. Other exclusion criteria were: existing eye inflammations, adherence of
opacities to the iris, uncontrolled elevation of the intraocular pressure and degenerative

pathologies of the peripheral retina.
3.5 Vitreous Floaters Symptom Questionnaire

On the basis of findings, there is no standardized vision-related quality of life
questionnaire for symptomatic vitreous floaters. In our study we constructed our own
questionnaire that was partially based on Kim et al. (48) study to better evaluate clinical

significance of symptomatic floaters.

Our examination was based on pre-and post-interventional questionnaires. In the first
questionnaire, the primary part assessed general health, frequency of visitations to the
ophthalmologist, previous surgeries, other ocular pathologies, interference associated with
daily activities, frequency of disturbance (based on a visual disturbance scale), morphology
and characteristics of the vitreous opacities (Figures 5 and 6). The immediate post-
interventional or secondary part of the first questionnaire was to evaluate the response and
approval of Nd:Y AG laser vitreolysis procedure (Figure 6). The second questionnaire consisted
of questions relating to change in vision-related quality of life to assess efficacy and safety of

treatment (Figure 7).
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Eve (mencleyor snower) ! Right  Left Both

1.General health:

1) Generally, you would sav that your overall health ts (encircle your answer)

L. Excelient
Very Good
Good

Bad

s BB

2) How often do you go to vour ophthalmologist? (encircle vour answer)

1. Never
2. Less frequently (1 x in 2 years)
3. Frequently (1x 1 year)

3) Do you use reading glasses? (encircle your answer)

D¥es  DNo

4) Have you had any previous eve surgeries? (encircle your answer)
I)Yes 2)No

4.1) If ves, which one? (encircle vour answer)

1. Cataract surgery
2 Glaucoma surgery
3, Other;

J) Do you have any other eye pathelogies? (encircle the answer) 1) Yes 2) No

.0 If YES, which one(s)? (Write it down)

) For how long have you noticed vitreous floaters? (encircle vour answer)

1. =1 Month
2. 1 Month - 6 months
3. G months — I year
4. zlyear
7 Are you experiencing interference during work? (encirele your answer)
1. No
2. Yes, mildly - I feel minor discomfort during work. But, it doesn’t interfers with my work
3. Yes, modest - [ feel moderate discomfort
4. Yes, severely - [ have severe interference and discomfort.
7.1) If yes. How often do you feel the problems daily? (encircle your answer)
1.£1time
2. 2-3 times
3.4-0 times

4. =10 times

8) Do vou have any problems while performing these activities? (encircle vour answer)
1. - Driving; 1. Yes 2. No.

1. - Reading; 1. Yes 2. No.

3. - Computer / TV 1. Yes 2 No.

4. When undertaking near-sight work? (.. cooking, sewing of using a hand fool) 1. Yes 2. No,

9) Choose the picture that best represents the symptoms vou are experiencing on a daily basis;
{encircle vour answer)

_@c e o
A

kv M &

18) Ot a scale of 1-10 how much does vitreous floaters cause disturbances? (0 tione - 10 worst
disturbance) (encircle the number)

ionnaire.

Figure 5. Pre-interventional quest
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11) Do you perceive any flzshing lights? (encircle vour answer)l) Yes  2)No
111} If YES, how often do vou percerve them during the day?
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4. =10

12) Do the witreous floaters move? (encircle vour answer)1) Yes  2) No
13) Do the vitreous floaters follow your eve movement? (encircle vour answer)l) Yoz  2)No

14) Are the vitreous floaters more pronounced in bright light? (encircle your answer)
1)Yes 2)No

14.1) IFYES. Do vou have to use sunglasses? (encircle your answer)1) Yes 2)No

SECOND PART: Immediately after intervention
1} How uncomfortable was the procedure? (encircle vour answer)

1. Notatall
2 A lirle bit
3 Vey

2) Did vou feel any pain/ flashing/ vizual disturbance duting the procedure? (encircle vour
agmerl ) Yes  2)No

LI IFYES. Which disturbance? (Write it down)

Figure 6. Pre-interventional and immediate post-interventional questionnaire.
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Post-operative Questionnaire:

1) Did the disturbance of vitreous floaters change after surgery? (encircle your answer)
1.1 feel an improvement

2.1 feel worse

3.1 feel no change

2) How much did quality of life improve after the intervention? (encircle your answer)
1. Notatal

A little bit

Moderarely
4. Alot

(]

o

3) Choose the picture that best represents the symptoms you are experiencing on a daily basis;

(encircle your answer)

', Ky
@ C -. f.
A B
K HE)

4) Ona scale of 1-10 how much does vitreous floaters cause disturbances? (0 none - 10 warst

disturbance) (encircle the number)

o ——
L
L
—
o
L=a}
)
(==}
=l

10
No Moderate Worst possible
Disturbance disturbance disturbance

3) Do you have any problems while performing followng actrvities: (encircle your answer)
1. - Driving; 1. Yes 2. No.
2. -Reading; 1. Yes2 No.
3, - Computer / TV 1, Yes 2. No.
4. When undertaking near-sight work? (1.6 cooking, sewing or using a hand tool)
1. Yes 2. No.

8) Do you feel any difficulties after the procedure? (encircle the answer) 1) Yes 2) No

1 If YES. Which:

7) Are vou satisfied with the intervention? (encircle vour answer)

1. Yes. [ cannot see the vitreous floaters anymore.,
2.Yes. The vitreous floaters do not disturb me.
3. No. I feel no difference.

4. No, [ feel worsening of the symptoms.

Figure 7. Post-interventional questionnaire used in week 1 and month 1.
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3.6 Ophthalmologic examination and posterior vitreous detachment evaluation

All patients with symptomatic floaters went through a complete ophthalmological
examination. Best-corrected visual acuity (BCVA) was measured using a Snellen chart.
Anterior segment analysis was performed on a slit lamp to exclude any inflammation or
haziness. Natural lens or intraocular lens clarity was noted. Intraocular pressure using
applanation tonometry was measured to exclude glaucoma. A posterior segment analysis
through a dilated pupil using a 90DVolk SuperField NC lens was performed to exclude any
degenerations of the posterior segment and during that examination if a posterior vitreous

detachment would be observed it would be evaluated.
3.7 Intervention

Prior to the procedure, the patient’s eyes were dilated with 1% Tropicamide and 2%
Phenylephrine given with topical local anesthetic 0.4% Oxybupicaine hydrochlorid. The
participants were positioned with a chin strap to the vitreous laser. Vitreolysis treatment was
performed by the same ophthalmologist (L.Z) applying Nd:YAG laser ALCON 3000 LE
Ophthalmic Laser version 3.2. Optical contact lens, panfundoscope Volk Quadr-Aspheric
indirect laser treatment lens was appointed with methyl-cellulose on the corneal surface. The
laser beam, being focused on the determined opacities start with an initial energy level of 3 mlJ.
Direct effect will adjust the laser beam power to achieve the desired result. Post-interventional

a single dose of 1 % Dexamethasone is given, supported by an ocular bandage.
3.8 Types of outcome measures
Primary outcome measure

e Using a pre- and post-interventional questionnaire to determine changes in vision-
related quality of life from baseline up to 1 month.

o Safety and efficacy of using Nd:YAG laser vitreolysis
Secondary outcomes

¢ Central Subfield Thickness

o Changes in visual acuity and intra ocular pressure
Adverse outcomes

e The occurrence of complications causing changes correlated to decreased vision or
structure of the eye immediately after treatment, 1 week and 1 month, post-

interventional.
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o Potential Macular Edema

e Asymptomatic retinal tears
e Symptomatic retinal tears
e Retinal detachment

e Cataract formation

e Endophthalmitis
3.9 Statistical methods

Statistical analysis was performed using the statistical software Statistica 10 (StatSoft
Inc., Tulsa, OK, USA). A questionnaire was used to assess time effect within participants and

result trends over time, assessing both time effect and trend covering all three time frames.

Due to smaller sample size, nonparametric tests were used. Wilcoxon matched pair test
was used to assess significant findings, detecting differentiation in the time frame. The test of
trend was to determine whether the outcome followed a consistent trend over time by

evaluating the means of each time frame. The statistical significance was set at P<0.05.
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4. RESULTS
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A prospective cohort of 10 eyes in 10 patients (4 men and 6 women) were included in

the study. The average age of the patients was 68 years (median, 95 % Confidence Interval

62.3 to 74.1), ranging from 45-77 years. The average of pre-interventional Best Spectacle-
Corrected Visual Acuity (BCVA) was 0.68 (median, 95% Confidence Interval 0.50 to 0.91).

The right eye was treated in 7 cases with an average number of laser spots being 158 (median,

95% CI ranging from 73.2 to 281.0). The average energy used, measured in mJ, was 5.075.

Day of treatment and follow-up time was divided into 3 physician visits, plotted using

a pre, and immediately post-interventional questionnaire, and a 7 days’ post-interventional

questionnaire. The same post-interventional questionnaire was used in the second follow-up

visit which was appointed 1 month after. The results of the pre interventional questionnaire are

presented in Table 1.

| Variable (pre- interventional). N (proportion).
General Health Excellent 1 (0.1).
Very good 3 (0.3).
Good 6 (0.6).
Bad 0 (0.0).
Ophthalmologist visitation Never 1(0.1).
Once in two years 5(0.5).
Once yearly 4(0.4).
Use of reading glasses Yes 10 (1.0).
Previous operations on the eye Yes 4(0.4).
No 6 (0.6).
Type of previous operation Cataract 2(0.2).
Retinal Detachment 2(0.2).
Other eye pathologies No 10 (1.0).
Diagnosis Posterior Vitreous 10 (1.0).
Detachment
Length of symptomatology 1 month — 6 months 3 (0.3).
6 months — 1 year 2(0.2).
>1 year 5(0.5).
Disturbance during daily activity No disturbance 2 (0.2).
Mild disturbance 3 (0.3).
Moderate disturbance 3 (0.3).
Severe disturbance 2 (0.2).
Frequency of disturbance/day <1 2 (0.25).
2-3 2 (0.25).
4-9 1 (0.125).
>10 3 (0.375).
Type of vitreous floater Picture 1 5(0.5).
Picture 2 2(0.2).
Picture 3 3 (0.3).
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Picture 4 0 (0.0).

Flashing sensation Yes 3 (0.3).
No 7 (0.7).
Frequency of flashings <1 1 (0.33).
2-3 2 (0.66).
4-9 0 (0.0).
>10 0 (0.0).
Movement of vitreous floaters Yes 10 (1.0).
Movement of vitreous floaters with movement Yes 10 (1.0).
of the eye(s).
Are the vitreous floaters more symptomatic in  Yes 5(0.5).
bright light No 5(0.5).
If yes, does the patient need sunglasses? Yes 3 (0.6).
No 2 (0.4).

Table 1. Pre-interventional questionnaire.

Results obtained from the first questionnaire immediately after the intervention are

presented in Table 2.

Variable (Immediately post- N(proportion).
interventional).

Unpleasantness of No 10 (1.0).
intervention

Feeling of No 9 (0.9).
pain/flashing/disturbance Yes 1(0.1). - disturbance

during intervention.

Table 2. Immediate post-interventional questionnaire

In Table 3 results obtained a week and a month after the intervention are shown. Out of
10 participants, all but one was followed up 1 month after. This patient was unable to visit
scheduled examination. Majority of the participants experienced a decline in symptoms. No
one of patients suffered from post interventional difficulties. However, two participants
complained on the adverse effects, one for choroid haemorrhage and one for retinal hit. Out of
three patients with complete resolution of symptoms, before intervention two participants
visualized floater category found in picture 1 (total laser energy of 369 mJ and 1925 mlJ,
respectively) whilst the third patient saw vitreous floaters found in picture 3 (total laser energy

of 453 mJ).
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Variable (Post- N (proportion) N (proportion)  P-value
interventional). 1 week 1 month
Change of Yes, decrease of 9 (0.9). 9 (1.0). Cannot be
symptomatology symptoms correlated
after No change in 1(0.1). 0 (0.0).
intervention symptomatology
Improved Not at all 1(0.1). 0 (0.0). P =0.8125
quality of life Mildly improved 4 (0.4). 4 (0.44).
after Moderately 1(0.1). 2(0.22).
intervention improved

Much improved 4 (0.4). 3(0.22).
Type of vitreous  Picture 1 6 (0.6). 2 (0.22). P=0.1250
floater found Picture 2 1 (0.1). 3 (0.33).
after Picture 3 3 (0.3). 1 (0.11).
intervention No vitreous 0 (0.0). 3 (0.33).

found
Difficulties post- No 10 (1.0). 9 (1.0). Cannot
interventional estimate P

(small sample
size).

Satisfaction with ~ Yes, no 1(0.1). 1(0.11). P=0.8125
Nd:YAG laser symptomatology
vitreolysis of vitreous

floaters

Yes, markedly 4 (0.4). 1(0.11).

decreased

symptomatology

of vitreous

floaters

Yes, mildly 2 (0.2). 7 (0.77).

decreased

symptomatology

of vitreous

floaters

No, no change 1(0.1). 0 (0.0).

of

symptomatology

of vitreous

floaters

No, worsening 2 (0.2). 0(0.0).

of
symptomatology
of vitreous
floaters

Table 3. Post-interventional questionnaires after 1 week and 1 month, respectively.
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The correlating variables (included in both pre and post intervention questionnaires)
were disturbance and improvement in: driving, reading, watching TV/computer and
undertaking near-sight work. Comparison of these variables are presented in Figures 8 and 9.
The statistically significant difference was observed in driving disturbance symptoms after 1

week (P=0.031).

MUMBER OF PARTICIPANTS
(=0

2
1
4

K]

Pre-interventional Post-interventional  Post-intery entionat

disturbance improvement atterl  improvement after 1

week morth
VARIABLE

Figure 8. Comparison between pre-interventional driving disturbance and improvement in

symptoms after 1 week and 1 month, respectively.

* Wilcoxon test P=0.031

PRE-INTERVENTIONAL DISTURBANCE

POST-INTERVENTIONALIMPROVEMENT
AFTER 1 WEEK

POST-INTERVENTIONALIMPROVEMENT
AFTER 1 MONTH

0 1 2 3 4 5 6 7 8 9
Number of participants

Reading ™ Watching TV/Computer ~ ® Undertaking near-sight work

Figure 9. Comparison between pre-interventional symptom disturbances whilst
reading, watching TV/Computer, undertaking near-sight work and improvement in these

activities after post-interventional week 1 and month 1, respectively.
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Difference between Best Spectacle-Corrected Visual Acuity (BCVA) before and after
treatment are depicted in (Figure 10). Post-interventional, in 4 patients the BCVA increased, 3

patients had equal BCV A whilst 3 patients had decreased BCVA.

1
0.9
0.8
0.7
<>E 0.6
Q 0.5
0.4
0.3
0.2
0.1

0 -

1 2 3 4 5 6 7 8 9 10

Patients

B BCVA_before_intervention B BCVA_after_intervention

Figure 10. Comparison between BCV A before and after intervention.
e  Wilcoxon test P=0.9375

Difference in the Intra Ocular pressure (IOP) before and after intervention is depicted in
(Figure 11). Out of 10 patients; 3 had a decrease in IOP, 2 had equal IOP and 5 had an increased

IOP post-interventional.
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o
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°
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2
0
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Patients

B |OP before treatment M |OP after treatment

Figure 11. Change in Intra Ocular Pressure (IOP). pre- and post-interventional.
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Difference between pre- and post-interventional visual disturbance grade was
correlated with total laser energy (Figure 12). Energy levels varied between 3-8 mJ with
number of laser spots ranging between 36-333. No significant correlation was found with the
intensity level and decrease in visual disturbance scale (Spearman correlation rho= 0.06, 95%
CI -0.59 to 0.68). However, the visual disturbance scale before the surgery was 4.0 (95% CI
from 0.0 to 8.05) on a scale from 0 to 10 and after the intervention the median relief of the

initial symptoms was 45% (95% CI from 25.0% to 50.0%).
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Pre-and post- interventional difference in VDS

Figure 12. Total laser energy used in comparison to difference in postoperative and
preoperative visual disturbance scale.

Total laser energy used in comparison with change in quality of life in post-
interventional questionnaire after 1 week and 1 month are shown in (Figures 13 and 14). The
influence of total laser energy on patients’ quality of life was examined. However, no
statistically significant correlation was observed, probably due to the small number of the study

participants (Figure 13 and Figure 14).
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Figure 13. Total laser energy in comparison to change in quality of life in patients after 1 week.
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Figure 14. Total laser energy in comparison to change in quality of life in patients after 1 month.

Total laser energy in comparison to visual improvement after 1 week respectively 1
month is depicted in (Figures 15 and 16). Visual improvement was defined as a decrease in

symptoms on the visual disturbance scale, pre- and post-interventional.
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Figure 15. Total laser energy compared to visual improvement after 1 week.
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Figure 16. Total laser energy compared to visual improvement after 1 month.



S. DISCUSSION
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Aging of the eye leads to a sequel of the events in the vitreous humor, one of the most
common outcomes being vitreous floaters. This disturbance is found in 3.1/100.000 people per
year. Liquefactions starts early in life. However, only in a minimal proportion of the
population, clinical significance of vitreous floaters mostly developed later in life. It is
determined mainly by underlying diseases or subjective symptomatology. In most cases
preliminary symptoms are not bothersome. Nevertheless, in significant amount of cases they

have a noteworthy impact on the patient’s life.

The current study has shown a decrease in floater symptomatology with one laser
session by post-interventional period week 1 and month 1, respectively. Described as the most
common etiology to vitreous floaters, posterior vitreous detachment was diagnosed in all 10
patients, otherwise subjectively describing a general health of good or better. Many patients
claim to experience floater symptoms, often being uncomplicated. As vitreous floaters are most
commonly thought to be harmless, minimal attention is placed on the patients’ discomfort and
seriousness of pathology development with permanent consequences on vision and ocular
anatomy. Most patients are treated conservatively, mainly consisting of education and
reassurance. As shown in our results 50 % of the participants described the length of symptoms
to be more than 1 year, 37.5% complaining of a disturbance rate of more than 10 times per day
pointing out low awareness of frequent interference in patients with vitreous floaters. Previous
studies have claimed that prevalence of vitreous floaters is increased with age, axial length and
have been reported to be more common subsequent to cataract surgery. The average age of
participants in this prospective study was 68 years, all of them using reading glasses. Four
patients had either cataract or retinal detachment surgery previous to vitreous floaters. These

features increase the risk of both developing and easier detect opacities disturbing their vision.

There are no clear universal guidelines to neither treatment nor categorization of
vitreous floaters making it a complicated problem for symptomatic patients. Few studies have
been made as to compare whether Nd:YAG laser vitreolysis or pars plana vitrectomy should
be used as primary treatment. Tassignon et al. designed a classification system which would
be a good primary way of establishing vitreous floaters into different subgroups.
Recommendations suggest that site of treatment should be confined to the anterior vitreous
where total energy of 1.5-7 mJ is well tolerated with no associated complications up to 6
months. In our one-session treatment of vitreous floaters with Nd:YAG laser vitreolysis, we
did not confine a specific area of the vitreous with our intensity of energy extending between

3-8 mJ and number of laser spots ranging between 36-333. Even though our study overrides
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recommended total energy to minimize difficulties, multiple studies have been using equal or
higher intensity extending from 5-33 mJ (3,31,40,70,72). Our immediate post-interventional
response showed no unpleasantness of intervention with only one patient (10%) complaining
on the feeling of disturbance. 20% (2 participants) suffered from post-interventional adverse
effects; one evolved choroid haemorrhage whilst the other experienced a retinal hit, although
these findings were not significant to affect vision or structure of the eye. In our post-
interventional questionnaire which compared difficulties after both one week and one month,
100% of the patients did not perceive any difficulties with vision or ocular function. Other
studies have described safety of Nd:YAG vitreolysis to range from no complications to
multiple studies reporting complications in all patients in post-interventional month 12 (3). The
efficacy of Nd:YAG laser vitreolysis was measured by our post-interventional questionnaire
showing a 90% decrease in symptoms in post-interventional week 1 and a 100% decrease in

post-interventional month 1.

When it comes to improved quality of life, 4 participants stated a markedly
improvement in reduction of symptoms after one week whilst after one month only 3
participants claimed an improvement. Only one patient stated no improvement at all after 1
week. However, in our second follow up all patients listed improvement. Correlating total laser
energy with change in quality of life after second follow up, no observation showing a statistical
significant correlation. Presumably due to a small participant size. When responding to
satisfaction with Nd:Y AG laser treatment 3 candidates expressed disappointment, out of which
2 stated worsening of symptomatology after 1 week. Nevertheless, in post-interventional
month 1, no participant expressed dissatisfaction. 77% expressed mild reduction in symptoms.
In this study we did not find a correlation with the total laser energy level and decrease between
pre- and post-interventional difference in the visual disturbance scale nor a correlation with
visual improvement after one week and one month, respectively. However, the median relief
of initial symptoms was 45% which describes a decrease in visual disturbance scale in the

studied sample.

Best Spectacle-Corrected Visual Acuity (BCVA) was improved in 40% of the patients
with a decrease in intraocular pressure (IOP) with 30 %. 50% encountered an increase in [OP
after first week. Cowan LA et al. discuss that in the very majority of cases IOP is transiently
increased, returning to baseline levels 5-7 days post-interventional using acetazolamide and

timolol in predominance of cases (75).
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As there is no standardized questionnaire, in this prospective study we formed our own
survey based on importance of symptomatology relief with guidance from other questionnaires
used. In our pre-and post-intervention questionnaires a comparison between disturbance and
improvement of daily activities was made. Statistically significant difference was observed in
decrease of symptoms in driving after 1 week (p=0.031). Eight patients described no
disturbance while driving before intervention, still 75% implied a decrease in symptoms.
Despite low self-assessment of disturbance at baseline, majority of patients experienced
improvement which can indicate unawareness of impaired quality of life and reduced
functionality of daily activities. Participants, due to majority having a long period of symptoms,
are assumed to adjust to the situation. This desensitization, being unaware of how much their
visual acuity truly is compromised, correlates to vitreous opacities. Due to a small sample size
other variables had no clinical significance. Though, assumption is made that larger studies
need to be done to prove the clinical implication of decreased symptoms in patients with
vitreous floaters. In our study a ratio of 6:4 (women: men) was found, similar to Stalmans P et

al. study, stating that women and men are effected equally (36).

Limitations of this coherent study involves; a short follow-up period compared to other
studies making it more difficult to conclude post-interventional benefits and adverse effects.
Other restrictions included lack of a comparative study group, and minor sample size. When
comparing to other studies there is a smaller amount of evidence based research for Nd:YAG
laser vitreolysis in literature and more prospective studies are required. Additional restriction
was that the efficacy and safety of Nd:YAG laser treatment was assessed by using pre-and
post-interventional questionnaires compared to other studies that used photo-registrations, SLO
imaging, US examinations or OCT angiography. Further limitation might be that patient

expectations were not clearly assessed and predefined.
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In this prospective study out of 10 patients diagnosed with symptomatic vitreous
floaters with posterior vitreous detachment the results showed that Nd:YAG laser vitreolysis
is an effective and compatible treatment which improves quality of life. Although results
showed no statistical significance, majority of patients subjectively affirmed a decrease in
symptom disturbance. Nevertheless, further studies have to be done in this field of
ophthalmology involving randomized control trials, larger sample groups, comparability with

other treatment options and a comprehensive follow-up time are needed.
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Title: Treating vitreous floaters with Nd:YAG laser vitreolysis: determined by vision related

quality of life questionnaire

Objectives: Assess the efficacy, safety and benefits of treating vitreous floaters in symptomatic
patients with Nd:YAG laser vitreolysis determined by a vision-related quality of life
questionnaire, pre- and posto-interventional.

Materials and methods: Participants diagnosed with symptomatic vitreous floaters at Split
University Hospital, Department of Ophthalmology from April to May 2019, were
consecutively admitted in this prospective study. We included adult patients with clinical
symptoms of vitreous floaters or posterior vitreous detachment. Those with an obscured
anterior segment of the eye, blurring of natural/artificial lens, endophthalmitis, adherence of
opacities to the iris, uncontrolled intraocular pressure or degenerative pathologies were
excluded from this study. The study participants were intervened with Nd:YAG laser
vitreolysis and examined by a pre- and post-interventional questionnaire, being completed after
one week and one month, respectively. Intraocular pressure (IOP) and best spectacle-corrected
visual acuity (BCVA) were assessed before and after intervention.

Results: 10 eyes in 10 patients, having symptomatic vitreous floater, were diagnosed with
posterior vitreous detachment and treated with a single-session Nd:YAG laser vitreolysis.
Statistical significance was observed in decrease of symptomatology disturbance after week 1
(P=0.031) and a 45% median relief of the initial symptoms. Out of 10 participants, all but one
was followed up 1 month after. Majority of patients experienced decrease of the disease
symptoms. In this study no one claimed to suffer from post interventional difficulties. 2
participants complained on the adverse effects, one for choroid haemorrhage and one for retinal
hit. However, no negative effect on vision or ocular anatomy was found. BCV A was improved
in 40% of the patients with a 30% decrease in IOP.

Conclusion: Nd:YAG laser vitreolysis is an effective and compatible treatment which
improves vision related quality of life. Although results showed no statistical significance, the
coherent study showed a 90% decrease in symptoms after week 1 and a 100% decrease in
month 1, subjectively affirmed by the participants. In two participants, adverse events were
found. However, not significant to affect vision or structure of the eye. In our post-
interventional questionnaire, comparing disturbances after one week and one month, 100% of
the patients did not perceive any difficulties with vision or ocular function. Further studies have
to be done in this field of ophthalmology involving randomized control trials, larger sample
groups, comparability with other treatment options and a comprehensive follow-up time are

needed.
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Naslov: Lijecenje simptomatskih opaciteta staklovine YAG laserom: odredivanje kvalitete
zivota vezane za vid koristenjem upitnika

Ciljevi: Ispitati ucinkovitost, sigurnost i zadovoljstvo pacijenata tretirani vitreolizom YAG
laserom te istraziti kvalitetu zivota vezanu za vid prije i nakon intervencije.

Ispitanici i metode: Sudionici dijagnosticirani sa simptomima opaciteta staklovine pri
Klinickom Bolni¢kom Centru u Splitu, Klinici za o¢ne bolesti, u period od travnja do svibnja
2019 ukljuceni su u ovo prospektivno istrazivanje. Kriteriji iskljucenja iz ovog istraZivanja bili
su redom: nemoguénost podnoSenja zahvata, zamagljenje prednjeg segmenta oka, zamucenje
prirodne lece, aktivna upala oka 1 dr. Ispitanici su ispunjavali upitnik o kvaliteti Zivota prije 1
tjedan odnosno mjesec dana nakon intervencije. Nadalje, svima su izmjereni intraokularni tlak
te najbolja korigirana vidna oStrina, prije 1 nakon intervencije.

Rezultati: U istrazivanje je uklju¢eno ukupno 10 pacijenata sa simptomima opaciteta
staklovine. Svi su ispitanici podvrgnuti vitreolizi Nd:YAG laserom. Statisticki znacajna
razlika pronadena je u smanjenju simptoma bolesti nakon tjedan dana (p=0.031), a prosjecno
smanjenje pocetnih simptoma bilo je 45%. Nitko od ispitanika nije imao poteSko¢e nakon
intervencije Nd:YAG laserom. Dvoje ispitanika je izrazilo sumnju na nuspojavu intervencije,
preciznije krvarenje u zilnici kod jednog ispitanika, a kod drugoga puknuce/povreda mreznice.
Najbolja korigirana vidna oStrina se poboljSala kod 40 % ispitanika, a smanjenje intraokularnog
tlaka uoceno je kod 30 % ispitanika.

Zakljucak: Vitreoliza Nd:YAG laserom kod ispitanika sa simptomatskim opacitetom
staklovine pokazala se u€inkovitom i sigurnom u ovom istrazivanju te je dovela do poboljSanja
kvalitete zivota vezane za vid. Devedeset posto ispitanika je tjedan nakon intervencije izrazilo
subjektivno smanjenje simptoma, a njih 100%, odnosno svi su imali subjektivno smanjenje
simptoma nakon mjesec dana od intervencije. lako su dva ispitanika izrazile sumnju na
nuspojavu uzrokovanu intervencijom, ove nuspojave nisu imale utjecaj na njihov vid ili dovele
do promjene anatomske strukture samog oka. Potrebna su buduca istrazivanja u ovom polju
oftalmologije, posebice randomizirani kontrolirani klinicki pokusi, ali i istraZivanja koja ¢e
ukljucivati ve¢i broj ispitanika, duzi period pracenja ispitanika te usporedbu s drugim

intervencijama.
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