Retinopathy of Prematurity
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SUMMARY

Retinopathy of prematurity (ROP) is a disease that affects immature vasculature in
the eyes of premature babies that potentially leads to blindness. Authors describe
revised indications for the treatment of ROP, standard treatment — peripheral retinal
ablation by laser photocoagulation and the cryotherapy using off label treatment-

-intravitreal anti-VEGF injection.
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The treatment of retinopathy of pre-
maturity has been and continues to
be the subject of intensive research.
To date there is no pharmacological
treatment which would be capable of
influencing the course of acute ROP
(30). The basis of therapy remains
surgical — laser coagulation and cryo-
pexy of the avascular retina.

Indication

On the basis of the results of the mul-
ticenter trial CRYO-REP (Cryo thera-
py for Retinopathy of Prematurity) in
1988, the indication for treatment was
set at the threshold stage — ROP
stage 3 (Fig. 1, 2), which affects a
range of 5 hours on the clock face
continuously, or a cumulative range of
8 hours in zone | or Il, with the presen-
ce of plus form of the disease (7, 8).
With regard to the better anatomical
results achieved in the case of very
timely therapy, in which the incidence
of adverse structural changes on the
fundus was reduced during a 9-month
period of observation (from 15.6% to

9.1%), changes have been brought
about through indication for therapy
since 2003, in accordance with the
randomised controlled ETROP ftrial
(10). A definition of the pre-threshold
stage was determined (Fig. 3), and
this was divided into two types: type
1 and type 2, in which timely therapy
was recommended in the case of the
high risk type 1. The pre-threshold
stage represents any stage in zone |
with plus form or ROP stage 3 without
plus form and in zone Il ROP stage 2
or 3 with presence of plus form (table
1). High risk type 1 ROP is indicated
for timely cryotherapy or laser ablation
treatment, which should be performed
within 72 hours of determination of the
pre-threshold stage, and low risk type
2 ROP, which does not require imme-
diate treatment. In the case of type 2
ROP, immediate treatment is not ne-
cessary, but monitoring of the progre-
ssion is required at regular intervals,
applying a wait-and-watch approach,
and it is necessary to consider tre-
atment only in the case of transition
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of ROP type 2 to type 1. All other
pre-threshold stages of ROP without
plus form are considered to constitute
type 2 ROP (Table 1). The state of the
vasculature on the retina — presence
of plus form of disease is therefore a
very important factor in determining
indication for treatment.

Plus form (plus disease) was defined
in the ETROP ftrial as the presence of
dilatation and tortuosity of capillaries
on the posterior pole, minimally in 2
quadrants (6 and more hours) to an
equal or more pronounced degree
than on the standard photography
CRYO-REP from 1980.

The basis of classic surgical therapy
of ROP is destruction of the avascular
retina by cryotherapy or laser ablati-
on, which achieves reduction of reti-
nal hypoxia, reduction of production
of VEGF and other angiogenic media-
tors, and achieves regression of the
disease.

Retinal cryopexy
From the 1980s onwards, cryopexy

Fig. 1 ROP threshold stage (demar-
cation line, wall, proliferation at end of
capillaries, plus form).

Fig. 2 ROP post-threshold stage AP-
-ROP, patient sent for treatment late
(pronounced plus form, capillaries
end in zone |, brush-like neovascular
network at the ends of capillaries).

Fig 3 ROP — Post-threshold stage —
ROP type | posterior form AP-ROP
(fuller capillaries ending in zone |, flat
neovascularisations).
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Table 1 Division of the pre-threshold stage of ROP according to ETROP — access

to treatment.

Type 1 ROP - indication for timely treatment

Zone | ROP any stage
ROP stage 3
Zone I ROP stage 2 or 3

With plus form
With or without plus form
With plus form

Type 2 ROP - regular monitoring of progression required — wait and watch approach

(necessary to consider treatment only upon transition of ROP type 2 to type 1)

Zone | ROP stage 1 or 2
Zone I ROP stage 3

was the main method of treatment for
retinopathy of premature babies on
the basis of the results of the Cryo-
-ROP ftrial. Thanks to cryotherapy,
there has been a reduction of adverse
anatomical results in treatment of the
threshold stage of ROP from 47.9%
in the untreated group to 27.2% upon
treatment (9). In cryopexy, interven-
tions are applied to the area of the
avascular retina with the help of a
cryo-probe at a temperature of -60°
to -80°C under the control of an in-
direct ophthalmoscopy. The number
of interventions depends on the size
of the avascular zone, in which each
cryo intervention is visible upon appli-
cation as pronounced whitening of the
retina. Treatment of the posterior pole
is highly demanding and cannot be
performed without opening the con-
junctiva, and this is often insufficient.
For coagulation of the posterior pole
of the retina it is possible to use spe-
cially curved paediatric probes, which
to a certain degree also enable partial
treatment of this part of the retina. For
this reason, some sites use the tech-
nique of treating the periphery of the
retina by cryopexy in combination with
laser photocoagulation of the central
parts of the retina, by which the dura-
tion of the procedure is reduced. An
advantage of cryopexy is that it may
be used also in the case of reduced
transparency of the optic media. Du-
ring cryopexy, systemic (bradycardia,
transient hypotension, apneusis...) as
well as local complications may occur.
Postoperatively it is linked to pronoun-
ced tumescence to chemosis of the
conjunctiva, painfulness, elevation
of intraocular pressure. Of the later
complications, haemorrhage into the
vitreous area, intraretinal haemorr-
hage, deformation of the macular re-
gion, atrophy of the optic nerve and
pronounced constriction of the field of
vision up to the extent of tunnel vision
have been described. In comparison
with laser treatment it causes greater

Without plus form
Without plus form

destruction of the tissue, and in chil-
dren treated with cryopexy a higher in-
cidence of clinically significant myopia
is described in comparison with eyes
following laser treatment (6). Recent-
ly cryopexy has been used rather as
an additional treatment in the case of
progression of ROP and upon redu-
ced transparency of the optic media.

Laser photocoagulation of the retina

Today, with regard to the lower inci-
dence of complications and the com-
parable effectiveness, laser photoco-
agulation is considered the standard
treatment for ROP; mostly it is applied
by a transpupillary approach, whilst a
transscleral approach is also possible.
With the help of a diode laser with a
wavelength of 810 nm, using an indi-
rect ophthalmoscopy and a 28 or 20 D
converging lens, the avascular part of
the retina is coagulated by a transpu-
pillary approach, anteriorly from the
place of fibroproliferation up to the ora
serrata by a laser beam with energy
from 200-400 mW, with a duration of
impact from 200-400 ms. The resulting
track should be greyish-white and the
number of impacts varies depending
on the size of the avascular zone from
200-3000. In laser therapy the method
of individual impacts may be applied
(with a distance of 1.0 to 1.5 of the
track between the individual impacts),
the method of practically confluent im-
pacts (distance of 0.5 to 1.0 size of the
track between impacts) or the method
of continuous impacts, in which no free
spaces are left between the individual
laser tracks (Fig. 4, 5). At present the
trend is towards use of denser forms
of photocoagulation in the treatment of
ROP (3, 4, 15). Upon the use of these
forms there is less progression to the
higher stages of ROP and less requi-
rement for an additional therapy. Upon
a comparison of the method of indivi-
dual interventions as against practica-
Ily confluent interventions, the method
of denser interventions appears to be

safer (28, 38). Laser photocoagulation
enables treatment of the retina also in
the case of aggressive posterior forms
of retinopathy on the posterior pole,
which could not be achieved by a cryo-
probe, in which it is possible to laser
treat the periphery of the retina using
a scleral indentator. A problem is laser
coagulation in the case of a narrow pu-
pil, reduced transparency of media as
upon the occurrence of tunica vasculo-
sa lentis, cataracts and haemorrhages
of the vitreous body. Laser therapy is
more demanding in comparison with
cryopexy in terms of time, but the use
of new types of laser with a possible
confluent — paint regime of the laser
markedly reduces the duration and
enables faster and better quality laser
coagulation of the avascular retina with
a lower burden to premature baby. In
the case of use of the method of indi-
vidual laser interventions, combined
therapy of the posterior retina by laser
photocoagulation with therapy of the
peripheral retina by cryocoagulation is
possible in order to reduce the duration
of the procedure. The long-term results
show a similar efficacy in inducing of
ROP regression, whereas there is a
statistically higher percentage of eyes
with an anatomically good finding fo-
llowing photocoagulation, and better
visual acuity is also stated in compa-
rison with cryotherapy (2). In compa-
rison with cryopexy, laser coagulation
causes a smaller inflammatory reac-
tion and less mechanical damage to
the tissue. As regards postoperative
complications following diode laser
coagulation, in most cases they are
transitory and occur in both the anteri-
or and posterior segments of the eye.
A transitional corneal oedema may be
present, as well as minor haemorrhage
into the anterior chamber, rupture of
the iris, vitreal and intraretinal haemorr-
hage, which have a tendency towards
spontaneous absorption. The inciden-
ce of cataract as a complication is sta-
ted in up to 1% (17), more frequently in
the case of presence of tunica vascu-
losa lentis, owing to absorption of the
laser radiation, and may be in the form
of minor focal lens opacities, without a
significant influence on vision, as well
as concurrently with ischemia of the
anterior segment and subsequent ph-
thisis bulbi. An incidence of complicati-
ons was expected mainly in the case of
the confluent type of laser surgery, but
no significantly higher incidence has
been confirmed (15), and upon a com-
parison of the individual methods, the
method of denser interventions is more
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Fig. 4 Fresh traces following confluent
type DLC of the retina upon AP-ROP

effective (28, 38). Long-term complica-
tions are not yet sufficiently known, but
include losses on the periphery of the
visual field, a risk of higher incidence
of later retinal detachment with regard
to the presence of tears and scars on
the interface of the laser treated retina
and the presence of abnormal vitreo-
retinal tractions (4). The occurrence of
high myopia and anisometropia in pre-
mature children following laser therapy
is lower than following cryopexy, and
is partially caused by inhibition of the
growth of the anterior segment of the
bulb with an anteriorly placed lens with
a higher optical density.

Retreatment

In the case of insufficient regression
and persistence of activity of the dise-
ase, in which regression of plus form
does not take place, dilatation and tor-
tuosity of capillaries persists and “skip
areas” are present with an insufficiently
laser treated part of the retina, the hy-
poxic retina remains a reservoir for the
continual production of growth factors.
It is necessary to supplement the laser
therapy in the skip areas, or additional
cryopexy is possible upon pronounced
activity and progression of retinopathy
depending on the finding.

Treatment of acute retinal detachment.
Scleral buckling and vitrectomy

In the case of further progression and
development of adverse structural chan-
ges, with the development of amotio reti-
nae, surgical intervention is indicated, in
which the type of surgical procedure de-
pends on the stage of ROP, the retrolen-
tal ratios, vascular activity of the disease
(presence of plus form and neovascula-
risations) and the presence of exudative
components (32). In peripherally loca-
lised and incipient retinal detachment
(stage 4a ROP) it is suitable to stitch a
sponge-like episcleral plombage, which
is left in place for 3-6 months. In the case
of a larger extent of retinal detachment,

Fig. 5 Regression of ROP following
DLC treatment — older pigment scars
following DLC

scleral buckling is possible, in which the
cerclage strip is removed within one year
with regard to the risk of retardation of
growth of the bulb. The long-term func-
tional results of circular scleral buckling,
however, unlike stitching of an episcleral
plombage, are frequently not convincing
even upon anatomical reattachment
of the retina. Probably induced myopi-
sation of the bulb as a consequence of
axial elongation and a shift of the lens
in a forward direction potentially have
an amblyogenic effect. Whereas in the
past vitrectomy was the last alternative
in the case of failure of scleral buckling,
at present some sites prefer primary
vitrectomy (35), which can be combi-
ned concurrently with scleral buckling.
The advantage of vitrectomy in stage
4 ROP is the simultaneous alleviation
of anterior-posterior traction, together
with removal of endogenic vasodilators
and angiogenic factors (VEGF) from the
vitreous cavity (34). More favourable re-
sults are attained if the operation is indi-
cated after subsidence of the activity of
the disease, with regression of the plus
form in stage 4a ROP. Upon retinopathy
of prematurity, the applied techniques
of lens sparing vitrectomy and vitrecto-
my with two points of entry are used as
safe and effective in stage 4 and 5 ROP,
and up to 25-gauge pars plicata vitrec-
tomy has been referred (14). Vitrectomy
in newborns and adults differ in several
respects (39): the point of entry is more
suitable for pars plicata than pars plana
vitrectomy, the lens is relatively larger, it
is more difficult to achieve separation of
the cortical vitreous, tears are less well
tolerated and successful repair of tears is
rarer, a pupillary membrane occurs more
frequently, iridoretinal and retino-retinal
adhesions are often present, subretinal
haemorrhages and exudation together
with degeneration of the retinal pigment
epithelium render good functional re-
sults impossible, and last but not least
the maximum of functional development
cannot be expected until over the course

of several years. In general, however,
the functional results are frequently very
weak, in which the resulting vision is limi-
ted to light perception, even if the retina
is anatomically reattached. In the prema-
ture retina, the photoreceptors (cones
and rods) begin to degenerate shortly
after retinal detachment, unlike in adults,
in whom good results may be attained
even several weeks after the onset of re-
tinal detachment (11). Late indicated vit-
rectomy cannot ensure functional activity
even if the retina is reattached, organic
amblyopia is caused by the destruction
of the retinal receptors, which occurs
2-3 weeks after detachment of the im-
mature retina (20). An improvement of
the results of surgical treatment has
been brought about by a combination of
vitrectomy with pharmacotherapy, with
preoperative intravitreal administration of
anti-VEGF or triamcinolone intravitreally
at the end of the surgery (18) in order to
reduce the vascular activity of the dise-
ase. Complete reattachment of the reti-
na in stage 5 ROP is stated by authors
in enzyme-assisted vitrectomy using
autologous plasmin in order to ease the
separation of the cortical vitreous and
proliferative membranes from the retina
(40). It is difficult to monitor the results
of studies with regard to the extensive
heterogeneity of patients, the findings
on the retina and the activity of the di-
sease upon the use of various surgical
techniques for resolving of progressing
severe forms of ROP. Effective treatment
of these forms remains problematic, and
even though the number of eyes in stage
4 and 5 ROP has been reduced since
the implementation of the recommenda-
tions of the ETROP study into practice,
it remains necessary to place heighte-
ned emphasis on the prevention of their
occurrence.

New methods of treatment — intra-
vitreal administration of anti-VEGF
In the pathogenesis of ROP, vaso-
-obliteration takes place with subse-
quent neovascularisation, in which an
important factor in the progression of
the disease is hypoxia with other key
growth mediators — VEGF and erythro-
poietin (37). The role of VEGF in the
development of retinopathy has been
demonstrated, and studies are appea-
ring referring to the promising effect of
intravitreally administered anti-growth
factors in the treatment of neovasculari-
sations in ROP. Anti-VEGF substances
such as pegaptanib sodium, ranibizu-
mab and bevacizumab have been exa-
mined off-label, but none of them has as
yet been approved for use in paediatric
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practice. In the literature successful re-
sults have been published following a
single-shot intravitreal administration of
bevacizumab (due to its large molecule
of 150 D bevacizumab cannot pene-
trate from the intact retina and with the
exception of a small quantity it cannot
escape into the circulation), when 0.625
mg/0.025 ml of bevacizumab (Avastin)
was applied intravitreally bilaterally to
11 children (22 eyes) with ROP in zone
| and posterior zone |l, without prior
laser therapy, whereas no systemic or
local adverse drug reactions were ob-
served (25). In the USA the multicenter
prospective trial BEAT-ROP has been
conducted with 150 children — Bevaci-
zumab Eliminates the Angiogenic Thre-
at of Retinopathy of Prematurity (24).
Recently, studies have been published
with intravitreal application of ranibizu-
mab (Lucentis 0.25 mg/0.025 ml) in mo-
notherapy (5). With regard to a shorter
half-life and a higher bonding affinity of
ranibizumab in comparison with beva-
cizumab, the authors expect a smaller
incidence of adverse drug reactions, in
6 eyes regression of the disease took
place after 1 injection, and no systemic
or local adverse drug reactions were
observed. Use of a combined therapy
of laser therapy with subsequent appli-
cation of an intravitreal injection of anti-
-VEGF and intravitreal administration
in the case of insufficient regression or
failure of laser therapy was also demon-
strated to be effective, whereas bevaci-
zumab (Avastin) (22, 31), ranibizumab
(Lucentis) (26) and pegaptanib (Macu-
gen) (1) were used. Intravitreal admi-
nistration of anti-VEGF however may
lead to adverse contractions of the pro-
liferative membranes and worsening of
traction amotio (16), some studies de-
scribe systemic adverse drug reactions
following intravitreal administration of
bevacizumab, such as thromboembolic
complications or hypertension, as is the
case upon intravenous cancer therapy
(12, 36). It has been demonstrated that
bevacizumab can escape into the sys-
temic circulation, with a subsequent re-
duction of serum levels of VEGF, whilst
the developing vital organs (brain,
lungs) are still dependent on regulatory
vascular processes and require VEGF

1. Autrata, R., Krejairova, l., Senkova,
K.,et al.: Intravitreal pegaptanib combi-
ned with diode laser therapy for stage
3+ retinopathy of prematurity in zone |
and posterior zone Il. Eur J Ophthalmol,
22(5); 2012: 687-94.

2. Autrata, R., Senkova, K., Holousova,

for their further development (29, 33).
In comparison with conventional laser
therapy in the treatment of intravitreally
administered anti-growth factors, per-
manent destruction of the retina with
constriction of the visual field does not
take place, and the retinal capillaries
progressively grow up to the periphery.
During the normal development of re-
tinal vasculature, the level of VEGF is
altered, and as a result correct timing of
administration of the VEGF inhibitor is
very important. With regard to the po-
tential recurrence of ROP in treatment
with anti-VEGF, it is necessary to ensu-
re thorough monitoring and evaluation
of the finding on the retina, for a period
of at least 16 weeks following applica-
tion of the injection. Intravitreal admi-
nistration has been demonstrated to
be a promising an effective treatment,
verified in small series of patients. lts re-
gular use requires a prospective rando-
mised multicenter clinical trial, especia-
lly with regard to the potential adverse
drug reactions to the therapy (23, 25).
At present it remains reserved for use
in cases of weak dilatation of the pupil,
opaque media with deteriorated visu-
alisation and the impossibility of laser
therapy, or in children upon insufficient
regression following primary diode laser
coagulation of the retina and in certain
aggressive posterior forms of AP-ROP
with very short capillaries, not reaching
the macular area (19, 21).

CONCLUSION

It is necessary to emphasise the im-
portance of co-operation of the oph-
thalmologist with the neonatologist,
not only in screening but also in the
diagnostic-therapeutic process of
ROP. Thanks to considerable advan-
ces in neonatal care, balanced and
controlled application of oxygen, new
procedures in ventilation, application
of surfactants, antenatal administra-
tion of corticoids, the overall inciden-
ce, as well as the incidence of severe
forms of ROP, has remained stabilised
in this country in recent years. The in-
troduction of an adequate screening
programme of threshold or pre-thre-
shold stages of retinopathy of prema-

M, et al.: Retinopatie nedono$enych a
moznosti chirurgické lécby. Folia Stra-
bol Neuroophthalmol, X; 2009: 40—45.
3. Banach, M.J., Ferrone, P.J., Trese,
M.T.: A comparison of dense versus
less dense diod laser photocoagulati-
on patterns for threshold retinopathy of

ture babies and timely treatment with
complete ablation of the periphery of
the avascular retina have brought a
marked improvement of the anatomi-
cal and functional results in premature
babies. Although telemedicine with
the possibility of documenting and
transmitting of images via a RetCam
can help bring a further improvement
in the diagnosis and treatment of re-
tinopathy of prematurity, examination
of the retina by indirect ophthalmosco-
py with the use of indentation remains
the key examination in its diagnos-
tics. Technological progress and new
techniques of confluent diode laser
coagulation now enable swift and
safe treatment of the retina. In future
it is possible to expect development in
pharmacological therapy and preven-
tion of ROP. The most recent results
from multicenter prospective trials
with the use of intravitreally applied
anti-growth factors are very promi-
sing, above all in aggressive posterior
forms of AP-ROP, though it is nece-
ssary to wait for the long-term results
on larger groups of patients before
the standard implementation of this
therapy. A renaissance is under way
in the application of vitamins E and C
as antioxidants, sustaining the integri-
ty of the cell membranes. The use of
unsaturated omega fatty acids, ery-
thropoietin, IGF-1 (insulin-like growth
factor-1), GSFT (granulocyte colony
stimulating factor) as well as new
antioxidants, anti-inflammatory fac-
tors, stem cells or gene therapy may
prospectively bring successes in the
prevention or treatment of ROP (27).
Worldwide a large amount of attention
is being focused on this still potentially
blinding disease, and studies organi-
sed with the help of the WHO Vision
2020 Programme (13) envisage that
ROP may in future be a preventive-
ly treatable disease. At present it is
necessary to keep in mind that the
monitoring of premature infants does
not end with the completion of scree-
ning and adequate treatment of acute
ROP, but that it is essential to ensure
their long-term monitoring up to ado-
lescence, with regard to a risk of other
ocular complications of prematurity.
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