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Abstract:

Introduction: Rabbits’ eyes were exposed to vitreous humor liquefaction with Q - switched
(sometimes called ““ giant pulses”) Neodymium-Doped Yttrium Aluminium Garnet (Nd:
YAGQ) laser using two different energy protocols (5 mJ X 100 pulse and 10 mJ X 50 pulse)
with and without vitamin C administration. The histological changes in the retina were
investigated to evaluate the protective role of vitamin C.

Methods: The rabbits were divided into four main groups (n=12 each). The first group
was divided into three subgroups (n=4) and then treated with 5 mJ X 100 pulse (X means
times) delivered to the anterior, middle and posterior vitreous humor respectively. The
second group received a daily dose of 25 mg/Kg vitamin C for two weeks then was
divided into three subgroups and treated with laser in‘the same manner as the first group.
The third group was divided into three subgroups (n=4) and then treated with 10 mJ X
50 pulse delivered to the anterior, middle and posterior vitreous respectively. The fourth
group received a daily dose of 25 mg/Kg vitamin C for two weeks then was divided into
three subgroups and treated with laserin the same manner as the third group. After two
weeks, rabbits were decapitated and histological examination for the retina was performed.
Results: The results showed that, the anterior vitreous group exposed to SmJX100 pulse
and supplemented with vitamin C, showed no obvious change. Furthermore, all other treated
groups showed alteration in retina’s tissues histology after laser.

Conclusion: Application of Q-switched Nd: YAG laser in vitreous humor liquefaction
induces changes in retina’s layers. Although there were some sorts of improvements in
retinas supplemented with vitamin C, it cannot protect them against laser oxidative damage.
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of several eye diseases such as posterior vitreous

Introduction detachment " 2. Posterior vitreous detachment (PVD)
Q-switched (sometimes called “giant pulses”) leads to vitreous syneresis and asteroid hyalosis >
Nd:YAG laser has been frequently used in treatment 3, These symptoms are considered physiological in
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nature especially in the cases of myopic. PVD occurs
at an earlier age, in which symptoms may be more
severe because of retinal image magnification *. In
addition, Q-switched Nd:YAG vitreolysis has been
advocated as an effective treatment for vitreous
opacities > ©,

When applying Q-switched Nd:YAG laser treatment
for PVD it is necessary to consider the possibility and
the extent of complication. The most serious side effect
consists of lesion in the tissue posterior to the target
location such as, damage to the corneal endothelium,
the lens, the artificial lens and the retina causing retinal
hemorrhage, rupture of retinal vessels, retinal breaks
or retinal detachment 7>,

Furthermore, vitreous floaters are a common
complaint in the ophthalmic care setting °. Floaters
are deposits of different size, shape, consistency,
refractive index, and motility within the eye’s vitreous
humor. Floaters can appear alone or together in the
field of vision as spots, threads or fragments, they are
not optical illusions but are entopic phenomena %12,
Most commonly, there is no treatment recommended
and vitrectomy may be successful in treating more
severe cases but not warranted in minor symptoms
cases due to the potential for complications and severe
infection '2. In laser vitreolysis, usually Nd: YAG
laser is focused onto the floater in a series of short
bursts to vaporize and lyse the collagen strands of the
floaters. Vitreolysis is much less invasive to the eye
than vitrectomy with potentially fewer side effects
that include retinal detachment. occurring shortly
after Nd: YAG vitreolysis '% '/ It was reported that,
Nd:YAG laser, when focused in mid-vitreous, causes
considerable alteration of the molecular structure of
the vitreous '°. Another study stated that, when Nd:
YAG laser focused in the lens nucleus or vitreous
center plane and its pulse energy was 7.1 — 9.3 mJ
with a total of 75-100 pulses that lead to injury to the
vitreous body with macular edema, retinal detachment,
and cataract development !4,

Photo disruption is the process in which laser pulses
of nanosecond duration or shorter are used to induce
optical breakdown in tissue. Because of the high- power
densities achieved at the focal point, electrons are
stripped from their atom causing cavitations (bubbles
production), plasma, and shock waves formation '°.
The shock waves transient could collapse the vitreous
in purely mechanical fashion causing complications
such as tissue disruption, retinal damage, and even
retinal detachment. The cavitations bubbles will move

into the vitreous cavity with a rate of 100 m/sec and
may cause microscopic retinal damage '®. The plasma
burst with Q-switched Nd:YAG laser assumes the
shape of a long sphere about 30p diameter. If the
target location for the planned disruption is close to
the retina, coagulation or small plasma explosions may
occur in the retinal or the choroidal structure '3. The
control of these complications depends on the energy
level used and the distance from the target tissue and
the neighboring ocular structure.

The aim of the present work is to study the effect
of vitreous liquefaction on the retinal structure with
two different applications of energy and to evaluate
if dietary supplementation of vitamin C can help to
protect the retina against the photo oxidative damage
of Q-switched Nd:YAG laser vitreolysis.

Methods

Fifty-one Newzealand male rabbits weighing
2-2.5 kg were used in this study. The animals were
selected from the animal house of Research Institute
of Ophthalmology, Giza, Egypt and were feed on a
balanced diet. All procedures were conducted according
to the ARVO statement for the use of animals in
ophthalmic and vision research. Three rabbits were
used as control, and the rest of rabbits were classified
into four main groups (n=12 rabbits each).

Group (I): divided into three subgroup (n=4 rabbits
each) and received 5 mJ X100 pulse of Q- switched
Nd: YAG laser in the anterior, middle and posterior
vitreous humor respectively, and the animals were
left for two weeks.

Group (II): received a daily dose of 25 mg/ kg
body weight of vitamin C by stomach tube started
two weeks before laser application. The rabbits were
divided into three subgroup (n=4 rabbits each) and
treated with laser in the same manner as the previous
group, and the animals were left for two weeks.

Group (III): divided into three subgroup (n=4
rabbits each) and received 10 mJ X50 pulse of Q-
switched Nd: YAG laser in the anterior, middle, and
posterior vitreous humor respectively, and the animals
were left for two weeks.

Group (IV): received a daily dose of 25 mg/ kg
body weight of vitamin C by stomach tube started
two weeks before laser application. The rabbits were
divided into three subgroup (n=4 rabbits each) treated
with laser in the same manner as the previous group,
and the animals were left for two weeks.
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Clinical Examination

Before vitreous liquefaction, papillary mydriasis
was induced in rabbits’ eyes using “Mydriacyl” eye
drop 0.5% (Alcon laboratories, Australia, Pty Ltd.)
followed by slit lamp biomicroscopic examinations.
The results showed no signs of edema or intraocular
inflammation in all eyes.

Laser treatment

Animals were generally anesthetized using
intramuscular ketamine hydrochloride (ketalar 2.5mg/
kg) and 0.4% Benoxinate eye drops was used for local
anesthesia. Rabbits underwent vitreous liquefaction
using Q- switched Nd: YAG laser. The energies were 5
mJ X100 pulse for groups I and IT and10 mJ X50 pulse
for groups III and IV, the spot size was 10 microns,
the cone angle was 16 degree, the wavelength was
1064 nm, and the duration of the pulse was 4 n sec.

Histological examination of the retina

The retinal specimens were immediately fixed in

Figure 1. Light micrograph of control albino rabbit’s retina showing
the outer pigmented epithelium (PE), photoreceptor layer (RL),
outer limiting membrane (OLM), outer nuclear layer (ONL), outer
plexiform layer (OPL), inner nuclear layer, inner plexiform layer
(IPL), ganglion cell layer (GCL), nerve fiber layer (NFL) and
inner limiting membrane. (Toluidine blue X 500)
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2.5% phosphate buffered glutaraldhyde (pH 7.4) at
4°C for 24 hours and post fixed in 1% osmium tetra-
oxide for one hour, then dehydrated in an ascending
grades of ethanol. After immersion in propylene
oxide, the specimens were embedded in araldite 512
mixture. Semi-thin sections (1pum) were cut, stained
with toluidine blue and examined by light microscope.

Histological examination results

Control retina

The control retina of albino rabbit showed no
significant microscopicalteration in all retinas’ layers
(Figure 1).

Anterior vitreous treated groups with SmJX100
pulse laser energy

Light micrograph for retina of treated rabbit’s
anterior vitreous humor with Q- switched Nd: YAG
laser (SmJX100 pulse) without vitamin C showed
vacuolar changes of the retinal pigment epithelium
(RPE), outer nuclear layer (ONL), and inner (IPL)
plexiform layer (Figure 2). While the anterior vitreous

Figure 2. Light micrograph for retina of treated rabbit’s anterior
vitreous humor with Q- switched Nd: YAG laser (5mJX100 pulse)
without vitamin C showing vacuolar changes of the retinal pigment
epithelium (RPE), outer nuclear layer (ONL) and inner (IPL)
plexiform layer. (Toluidine blue X 500)
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treated group supplemented with vitamin C showed
no deviation from the control (Figure 3).

Mid- vitreous treated groups with SmJx100
pulse laser energy

Light microscopic examination for retina of treated
rabbit’s mid- vitreous humor with Q- switched Nd:
YAG laser (5mJX100 pulse) without vitamin C showed
fragmented chromatin of nuclei of outer nuclear layer
(Figure 4). Moreover, the group supplemented with
vitamin C (Figure 5) revealed mild edema between outer
segments of photoreceptor and ganglion cell layers.

Posterior vitreous treated groups with SmJx100
pulse laser energy

Light micrograph for retina of treated rabbit’s
posterior vitreous humor with Q- switched Nd:
YAG laser (5SmJX100 pulse) without vitamin C
supplementation (Figure 6) showed disorganization
of outer segments of photoreceptors. In addition,
fragmented chromatin of cell bodies of inner nuclear
layer was obvious. Furthermore, after supplementation

Figure 4. Light micrograph for retina of treated rabbit’s mid-
vitreous humor with Q- switched Nd: YAG laser (5SmJX100 pulse)
without vitamin C showing fragmentation in the chromatin of
nuclei of outer nuclear layer. (Toluidine blue X 500)

Figure 3. Light micrograph for retina of treated rabbit’s anterior
vitreous humor with Q- switched Nd: YAG laser (5mJX100 pulse)
with vitamin C showing no deviation from the control. (Toluidine
blue X 500)
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Figure 5. Light micrograph for retina of treated rabbit’s mid-
vitreous humor with Q- switched Nd: YAG laser (5mJX100 pulse)
with vitamin C supplementation showing mild edema between outer
segments of photoreceptor and ganglion cell layers. (Toluidine
blue X500)
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Figure 6. Light micrograph for retina of treated rabbit’s posterior
vitreous humor with Q- switched Nd: YAG laser (5SmJX100 pulse)
without vitamin C supplementation showing disorganization of outer
segments of photoreceptors and fragmentation of the chromatin of
cell bodies of inner nuclear layer. (Toluidine blue X 500)

with vitamin C the retinal layer showed some sort
of preservation with some vacuolar changes of the
pigment epithelium and ganglion cell layers (Figure 7).

Anterior vitreous treated groups with 10mJX50
pulse laser energy

Light micrograph for retina of treated rabbit’s
anterior vitreous humor with Q- switched Nd: YAG laser
(10mJX50pulse) without vitamin C supplementation
showed reduced thickness and ill-defined cellular
structure of inner nuclear layer (Figure 8). The light
micrograph for retina of treated rabbit’s anterior vitreous
humor with Q- switched Nd: YAG laser (10mJx50pulse)
with vitamin C supplementation indicated the majority
of the retinal layers are protected with the exception
of the inner segments of photoreceptor layer and outer
nuclear layer (Figure 9).

Mid- vitreous treated groups with 10mJXS50
pulse laser energy

Light microscopic examination for retina of treated
rabbit’s mid- vitreous humor with Q-switched Nd:
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Figure 7. Light micrograph for retina of treated rabbit’s posterior
vitreous humor with Q- switched Nd: YAG laser (5SmJX100 pulse)
with vitamin € supplementation showing preservation of the retinal
layers with the exception of some vacuolar changes of the pigment
epithelium and ganglion cell layers. (Toluidine blue X 500)

Figure 8. Light micrograph for retina of treated rabbit’s anterior
vitreous humor with Q- switched Nd: YAG laser (10mJX50pulse)
without vitamin C supplementation showing reduced thickness and
ill-defined cellular structure of inner nuclear layer.

YAG laser (10mJX50pulse) without vitamin C
supplementation revealed lyses of chromatin of
some cell bodies of outer nuclear layer in addition
to compact internal plexiform layer (Figure 10). The
retina of group supplemented with vitamin C showed
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Figure 9. Light micrograph for retina of treated rabbit’s anterior
vitreous humor with Q- switched Nd: YAG laser (10mJX50pulse)
with vitamin C supplementation showing the majority of the retinal
layers are protected with the exception of the inner segments of
photoreceptor layer and outer nuclear layer.

Figure 10. Light micrograph for retina of treated rabbit’s mid-
vitreous humor with Q- switched Nd: YAG laser (10mJX50pulse)
without vitamin C supplementation showing lysis of chromatin
of some cell bodies of outer nuclear layer and compact internal
plexiform layer. (Toluidine blue X500)

edema in some layers such as outer plexiform layer and
ganglion cell layer. Moreover, the internal plexiform
layer was compacted (Figure 11).
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Figure 11. Light micrograph for retina of treated rabbit’s mid-
vitreous humor with Q- switched Nd: YAG laser (10mJX50pulse)
with vitamin C supplementation showing edema in some layers
such as outer plexiform layer, ganglion cell layer, and compact
internal plexiform layer.

Posterior vitreous treated groups with 10mJx50
pulse laser energy

Light micrograph for retina of treated rabbit’s
posterior vitreous humor with Q- switched Nd:
YAG laser (10mJX50pulse) without vitamin C
supplementation (Figure 12) indicated retinal
detachment and disorganized outer segments of
photoreceptors. Intercellular edema between the cell
bodies of inner nuclear layer, ganglion cell layer
and nerve fibre layer was evident. Supplementation
of vitamin C showed slight recovery with some
vacuolation of photoreceptors and lyses of chromatin
of some cell bodies (Figure 13).

Discussion

The vitreous humor is a very important intraocular
fluid because of its optical function and its significant
roles in the pathogenesis and treatment of the eye.
Vitreous humor, present in the posterior chamber
often becomes dysfunctional, which takes place during
aging leading to separation of the vitreous gel and
its detachment from the retina, physical collapse,
opacification and vision loss !7. The destruction
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Figure 12. Light micrograph for retina of treated rabbit’s posterior
vitreous humor with Q- switched Nd: YAG laser (10mJx50pulse)
without vitamin C supplementation showing retinal detachment
and disorganized outer segments of photoreceptors and intercellular
edema between the cell bodies of inner nuclear layer,ganglion cell
layer and nerve fibre layer. (Toluidine blue X500)

of vitreous humor can also occur by mechanical,
chemical, and thermal trauma. This may results in
collapse of vitreous, which has a great tendency to
detach from the retina '8,

This study has been undertaken to consider the
possible hazardous side effect of Q-switched Nd:
YAG laser photo disruption on the retina after anterior,
middle, and posterior vitreous liquefaction and to
identify the protective role of vitamin C against laser
oxidative damage.

The change in ‘histelogical structure of retina’s
tissues after treatment with Q-switched Nd: YAG
laser (5mJX100 pulse and 10 mJX50 pulse) without
and with vitamin C supplementation were evaluated.
The results indicated that, the anterior vitreous group
exposed to of SmJX100 pulse and supplemented with
vitamin C, showed no obvious change. Furthermore,
all other treated groups showed alteration in retina’s
tissues histology after laser.

Obviously, the current data show direct correlation
between the target site and the retina’s tissues response.
It is noticed that, the closer the targeted area is to the
retina, the greater the effect.

The groups treated with SmJX100 pulse without
vitamin C supplementation showed vacuolar changes
of the retinal pigment epithelium, outer nuclear
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Figure 13. Light micrograph for retina of treated rabbit’s posterior
vitreous humor with Q- switched Nd: YAG laser (10mJx50pulse)
with vitamin C supplementation showing slight vacuolation
of photoreceptors and lyses of chromatin of some cell bodies.
(Toluidine blue X500)

layer, and inner plexiform layer (anterior vitreous).
In addition, fragmented chromatin of nuclei of outer
nuclear layer was shown in mid- vitreous treated
group. The posterior vitreous treated group revealed
disorganization of outer segments of photoreceptors
accompanied with fragmented chromatin of cell bodies
of inner nuclear layer. Supplementation with vitamin C
preserves the retina in all groups to some extent. Mild
edema between outer segments of photoreceptor and
ganglion cell layers was shown in mid- vitreous. Some
sort of preservation was shown in posterior vitreous
with vacuolar changes of the pigment epithelium and
ganglion cell layers. The changes were in agreement
with previous studies by Lerman et al. (1984) and
Michael et al. (1996), they reported that the Nd: YAG
laser whether focused on the posterior lens capsule
or mid- vitreous, causes considerable alteration of the
molecular structure of the vitreous and lens, associated
with retinal hole formation and detachment % 20.

By comparing the changes in retinas of groups
exposed to10mJX50 pulse and the previous groups
exposed to SmJX100 pulse, the effect of laser was
more pronounced. The resulted effects ranged from
changes in cellular structure of inner nuclear layer
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(anterior vitreous) to retinal detachment, disorganized
outer segments of photoreceptors and edema in
different layers of the retina (as shown in the posterior
vitreous treated group). For all groups supplemented
with vitamin C there were slight recovery in different
layers of the retina parts accompanied with alteration
in photoreceptor layer, ganglion cell layer and lyses
of chromatins of some cell bodies.

It is noticed that, the change in the groups
supplemented with vitamin C is lesser than the non-
supplemented one. This improvement may be due to
the ability of vitamin C to scavenge free radicals and
the high level of vitamin C in the eyes of diurnal
animals suggested that the vitamin might protect
against oxidative or photo-oxidative damage 2! 22,

The obtained data hypothesized that, when the
vitreous humor were treated with the Nd: YAG laser,
it induces optical breakdown. Because of the short-
pulsed nature (4 n sec) and the highly localized site
of this laser, the temperature reaches several thousand
degrees Kelvin, but the extremely short duration of
the energy increase makes widespread thermal effects
unlikely and produces a shock wave. The shock wave
transient could conceivably collapse the vitreous in a
purely mechanical fashion. This Change in the gel state
structure of the vitreous humor, because of laser photo
disruption, may lead to decrease of antioxidant, which
normally protect vitreous humor from free radical. This
would lead to loss of vitreous function to scavenge free
radicals 3. These free radicals play an important role
in liquefaction of vitreous. Vitreous humor liquefaction
exerts stress on retina especially at the photoreceptor
layer and is associated with vitreoretinal pathology
2425 The obtained results are in agreement with
previous results that studied an experimental model
of vitreoretinopathy obtained by direct production of
free radicals in the vitreous body 2°.

The vitreous is attached to the retina at the inner
limiting membrane where the terminations of Miiller
cells are contributing component 2-?°. The obtained
data is indicating that, Nd: YAG laser exerts an effect
on the retina that appears clearly in photoreceptors
layer, ganglion cells layer and different retinal layers.

In addition, it can be said that, the vitreous has an
integral role in a variety of retinal diseases and it may
have a direct impact on retinal oxygenation 3°. This
is consistent with the results of previous intervention
trials, which found that, when the vitreous was usually
in the gel state, oxygen diffused into the vitreous
humor from the vessels in the ciliary epithelium and

was metabolized by retinal tissue 33, Furthermore,
when the vitreous liquefies, oxygen accumulates in
the vitreous. The more that oxygen is mixed with the
vitreous fluid, slowing the consumption of oxygen, the
more oxygen is permitted to reach the retina causing
oxidative stress.

The present work finds some sort of improvement in
retina’s layers with supplementation of vitamin C. This
improvement is reversely proportional with target site
from the retina. It was suggested that, the improvement
may be due to the role of vitamin C in reducing the
activity of some of the free radicals in vitreous and
retina and that may help the vitreous to improve
its characteristics 3. Additionally, the improvement
may be due to the newly regenerated photoreceptors,
which are continuously replenishing themselves *. The
obtained results agree with previous studies, which
showed that the antioxidant treatment could improve
the progression of some retinal disorder 2 2°,

Because the propagation of the laser damage is
posterior, special care must be considered to avoid
damaging the neighboring tissues and energy values
close to threshold must be used. A safe distance
between the target tissue and the neighboring tissues

has been estimated to be 2 to 5 mm '°.

Conclusion

Laser tissue interaction after photo disruption with
Q-switched Nd:YAG laser induce optical breakdown,
could conceivably collapse the vitreous in a purely
mechanical fashion that could contribute to retina
dysfunction. The effect of laser on vitreous is site
and energy dependent. When it is applied with high
energy per pulse near the retina, the effect will be
more pronounced. Based on interactions between laser
and vitreous humor, it should be possible to formulate
strategies to prevent or downgrade Q- switched
Nd:YAG laser complications.
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