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2024;17(3): €359-e368. post-treatment were included. Descriptive and

frequency statistics were used, and the Chi-square
test and Spearman’s correlation test were used for
statistical association.

Results: 123 eyes of 62 patients were studied. The
age at the last control was on average 9.66+ 5.61
years. 116 eyes (94%) were treated by laser photo-
coagulation, 5 (4%) eyes required combined treat-
ment, and 2 (2%) eyes with intravitreal injection
of antiangiogenics. The mean spherical equiva-
lent was -2.68+4.87 diopters, being significantly
more negative in those with combined treatment
(-11.54+2.36 D) and re-treatment (-12.46+3.26
D) and in those with posterior area disease
(-7.50+£5.49 vs +0.52+0.54 D) (p<0.01). Sixteen
(15%) eyes were emmetropic, 32 (29%) eyes were
hyperopic, and 62 (57%) eyes were myopic. 82
(74%) eyes had astigmatism and 20 (37%) patients
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had anisometropia. Sixty (60%) eyes had good vi-
sual acuity, 26 (25%) eyes had regular visual acuity
and 16 (15%) had poor visual acuity. In 97 (80%)
eyes the fundus did not present sequelae of the dis-
ease or other pathologies.

Conclusions: Most treated children retain good
visual acuity, despite significant refractive errors,
mainly myopia. The more posterior the disease,
the higher the prevalence of high myopia.
Keywords: Retinopathy of prematurity, laser pho-
tocoagulation, antiangiogenic intravitreal injec-
tion, myopia.

Resultados visuales, refractivos y
estructurales a largo plazo en bebés
prematuros tratados por retinopatia del
prematuro

Resumen

Objetivo: Analizar la agudeza visual mejor corre-
gida, el estado refractivo y los resultados anatd-
micos a largo plazo en bebés prematuros tratados
consecutivamente por ROP mediante fotocoagula-
cién con laser y/o inyecciones intravitreas de agen-
tes antiangiogénicos.

Métodos: Estudio analitico retrospectivo. Se inclu-
yeron aquellos nifios tratados por ROP desde 1998
mediante fotocoagulacion con laser, inyecciones
intravitreas de agentes antiangiogénicos, o ambos,
y que tuvieron un seguimiento oftalmolégico mini-
mo de tres afos postratamiento. Se utilizd estadis-
tica descriptiva y de frecuencia, y para asociacion
estadistica se utilizé la prueba de Chi-cuadrado y
la prueba de correlacion de Spearman.
Resultados: Se estudiaron 123 ojos de 62 pacien-
tes. La edad en el ultimo control fue en promedio
9,66 £ 5,61 afos. 116 ojos (94%) fueron tratados
mediante fotocoagulacion con laser, 5 (4%) ojos
requirieron tratamiento combinado y 2 (2%) ojos
con inyeccion intravitrea de antiangiogénicos. El
equivalente esférico medio fue de -2,68+4,87 diop-
trias, siendo significativamente mas negativo en
aquellos con tratamiento combinado (-11,54+2,36
D) y retratamiento (-12,46+3,26 D) y en aquellos
con enfermedad de la zona posterior (-7,50%5,49
frente a +0,52+0,54 D) (p<0,01). Dieciséis (15%)
ojos eran emétropes, 32 (29%) ojos eran hipermé-

tropes y 62 (57%) ojos eran miopes. 82 (74%) ojos
tenfan astigmatismo y 20 (37%) pacientes tenian
anisometropia. Sesenta (60%) ojos tenian buena
agudeza visual, 26 (25%) ojos tenian agudeza vi-
sual regular y 16 (15%) tenian agudeza visual mala.
En 97 (80%) ojos el fondo de ojo no presento se-
cuelas de la enfermedad ni de otras patologias.
Conclusiones: La mayoria de los nifios tratados
conservan una buena agudeza visual, a pesar de
importantes errores refractivos, principalmente
miopia. Cuanto mds posterior es la enfermedad,
mayor es la prevalencia de miopia alta.

Palabras clave: Retinopatia del prematuro, foto-
coagulacion con laser, inyeccion intravitrea antian-
giogénica, miopia.

Resultados visuais, refrativos e
estruturais em longo prazo em bebés
prematuros tratados para retinopatia da
prematuridade

Resumo

Objetivo: Analisar a acuidade visual melhor cor-
rigida, o estado refrativo e os resultados anatdmi-
cos em longo prazo em bebés prematuros tratados
consecutivamente com ROP por fotocoagulacao a
laser e/ou inje¢des intravitreas de agentes antian-
giogénicos.

Métodos: Estudo analitico retrospectivo. Foram
incluidas criancas tratadas com ROP desde 1998
por fotocoagulacdo a laser, inje¢des intravitreas de
agentes antiangiogénicos, ou ambos, e que tiveram
acompanhamento oftalmolégico minimo de trés
anos pos-tratamento. Foram utilizadas estatisticas
descritivas e de frequéncia, e para associa¢do esta-
tistica foram utilizados o teste Qui-quadrado e o
teste de correlagdo de Spearman.

Resultados: Foram estudados 123 olhos de 62 pa-
cientes. A idade no ultimo controle foi em média
9,66 £ 5,61 anos. 116 olhos (94%) foram tratados
com fotocoagulagao alaser, 5 (4%) olhos necessita-
ram de tratamento combinado e 2 (2%) olhos com
injecdo intravitrea de antiangiogénicos. O equiva-
lente esférico médio foi de -2,68+4,87 dioptrias,
sendo significativamente mais negativo naqueles
com tratamento combinado (-11,54+2,36 D) e re-
tratamento (-12,46+3,26 D) e naqueles com doen-
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¢a da zona posterior (-7,50+5,49 vs + 0,52+0,54 D)
(p<0,01). Dezesseis (15%) olhos eram emétropes,
32 (29%) olhos eram hipermétropes e 62 (57%)
olhos eram miopes. 82 (74%) olhos apresentavam
astigmatismo e 20 (37%) pacientes apresentavam
anisometropia. Sessenta (60%) olhos tinham boa
acuidade visual, 26 (25%) olhos tinham acuidade
visual razoavel e 16 (15%) tinham baixa acuidade
visual. Em 97 (80%) olhos o fundo nao apresentava
sequelas da doenca ou de outras patologias.
Conclusdes: A maioria das criangas tratadas man-
tém boa acuidade visual, apesar de erros refrati-
vos significativos, principalmente miopia. Quanto
mais tardia for a doenca, maior serd a prevaléncia
de alta miopia.

Palavras-chave: Retinopatia da prematuridade,
fotocoagulagao a laser, injegdo intravitrea antian-
giogénica, miopia.

Introduction

Retinopathy of prematurity (ROP) is an
acquired impairment of normal retinal vascular
development that may affect premature infants,
and is one of the principal causes of visual hand-
icap and preventable childhood blindness from
retinal detachment and fibrotic scarring through-
out the world, mainly in low and middle-income
countries'”.

Timely and adequate treatment for ROP is
highly effective in preventing blindness from
retinal detachment. However, despite its efficacy
some complications may occur, with high myopia
being the more prevalent>®. Although its occur-
rence with antiangiogenic intravitreal injections
appears to be lower than with laser photocoagu-
lation, it continues to be high®”.

The prevalence of myopia varies according
to ROP severity. It has been observed that the
more posterior and severe the disease is, the more
severe the myopia that may result”®. Besides, the
high prevalence ROP-associated ametropias are
up to 6 times higher than those observed among
the general population”?®.

The purpose of our study was to analyze
best-corrected visual acuity, refractive state,
and anatomical long-term results in premature

infants consecutively treated for ROP by laser
photocoagulation or intravitreal injections of
anti-angiogenic agents, or both, and to correlate
those results with characteristics of patients and
disease.

Patients and methods

Infants with ROP treated consecutively from
1998 through 2018 in two third level neona-
tal units (Materno-Neonatal “Ramon Carrillo”
Hospital, Ministry of Health of the Province of
Cordoba, and the University Clinic Reina Fabiola,
Catholic University of Cordoba) from Cordoba,
Argentina.

Best-corrected visual acuity (BCVA) was
assessed by a Snellen chart and converted into
LogMAR units. BCVA was considered good
when it was 0 to 0.3 LogMAR, regular 0.4 to 0.7
LogMAR, and poor 0.8 to 1 LogMAR. In illiterate
children visual acuity was evaluated by means of
the "E” Snellen chart. In non-collaborative chil-
dren, visual behavior was evaluated by fixation
and objects tracking, considering good BCVA in
those who maintained fixation and correct object
tracking, regular BCVA in those that could not
maintain neither fixation nor tracking of object,
and poor BCVA in those that could not achieve
neither fixation nor tracking. Eye alignment was
evaluated using Krimsky and cover tests.

Refraction was evaluated under cyclople-
gia with cyclopentolate 1% with an autorefrac-
tor (Shin-Nippon Accuref K-900, Takamatsu,
Kagawa, Japan) or a streak retinoscope (Keeler
Professional Streak 1302-P-1011, Britain, UK). A
high myopic status was considered when refrac-
tion was of -6 or more negative diopters (D).

Anterior segment was evaluated with slit-lamp
biomicroscopy, and ocular fundus with binocular
indirect ophthalmoscopy and a +20D lens.

Data was obtained from patient files. Variables
studied included gestational age (GA), birth
weight (BW), gender, staging and localization
of ROP, presence of plus disease, type of ocular
treatment, best-corrected visual acuity in the last
control, refractive spherical equivalent, power of
cylinder, ocular alignment, and anatomical sta-
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tus of the ocular fundus. Degree of prematurity
was classified according to GA: Extreme prema-
turity (<27 weeks GA), high prematurity (28-
31 weeks GA), early prematurity (32-33 weeks
GA), late prematurity (34-37 weeks GA). Birth
weight was classified into: Extremely low BW
(<1000g), very low BW (1000-1499g) and low
BW (1500-2500g).

Inclusion criteria: all infants treated by laser
photocoagulation and/or with intravitreal injec-
tions of antiangiogenic drugs with a minimum
follow-up of three years.

Exclusion criteria: infants with other ophthal-
mic or systemic diseases that could alter visual
acuity and/or preclude its evaluation, and those
infants that required ocular surgical interven-
tions other than laser photocoagulation.

Statistical analysis: quantitative variables
were evaluated by means of descriptive statis-
tical analysis (mean, range and standard devia-
tion), and qualitative variables with relative and
absolute frequency distribution. To determine
statistical association between variables, Chi
square test was used for qualitative variables
and Spearman correlation test for quantitative
variables. Significance level was established at
5%. The R-medic software was used’.

Ethical issues: Informed consent was obtained
from parents of all treated infants in the study,
which was approved by the institutional review
board of each institution, and conducted in
accordance with the tenets of the Declaration
of Helsinki and the Good Clinical Practices
of National Administration of Drugs, Food
and Medical Technology (ANMAT) from the
Ministry of Health of Argentina.

Results

One hundred and twenty-three eyes of 62
patients were included in the study. Mean age
at last control was 9.66+5.61 years [range 3-23].
Thirty-three (53%) infants were female and 29
(47%) males. Mean gestational age at birth was
29.86+2.77 weeks. Eighteen (29%) patients were
extreme premature, 21 (34%) high premature, 16
(27%) early premature, and 7 (11%) late prema-

ture. Mean birth weight was 1323+491g. Eighteen
(29%) patients had extreme low BW, 23 (37%) had
very low BW, and 21 (34%) had low BW.

Disease features

Data from 115 eyes were analyzed. Fifteen
(13%) eyes presented stage IT and 100 (87%) eyes
stage I1I disease. Seventeen (15%) eyes developed
the disease in zone I, 16 (14%) eyes in posterior
zone II; 77 (67%) eyes in zone II, and 5 (5%)
eyes in zone III. Plus disease was observed in
107 (93%) eyes.

Treatment

One hundred and sixteen (94%) eyes received
laser photocoagulation, 113 eyes in one session
and 3 eyes required retreatment. Five (4%) eyes
were treated with a combination of photocoagu-
lation and intravitreal injection of bevacizumab;
3 eyes required intravitreal injection of bevaci-
zumab after the laser treatment because incom-
plete regression of the disease, and in 2 eyes intra-
vitreal injection preceded the laser treatment.
Two eyes (2%) were treated only by an intrav-
itreal injection of bevacizumab. No immediate
complications from either modality of treatment
were observed.

In laser treated patients with zone I ROP mean
number of spots was 1180+298, in those with
posterior zone II ROP 9734578, in those with
zone II ROP 725+368, and in those with zone
IIT ROP 426+308. Laser treatment was delivered
between 36 and 41 weeks of corrected GA in 75%
of patients, and the remaining between weeks 42
and 49. Only one patient was treated at age 68
weeks of corrected GA.

Refractive results

Data from 110 eyes were analyzed in their last
control. Sixteen (15%) eyes were emmetropes,
32 (29%) eyes hyperopes, and 62 (56%) eyes
myopes, of whom 27 (25%) eyes had high myo-
pia. In this latter group a combined treatment
had been performed. Post treatment refractive
status was highly correlated with zone of the dis-
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Table 1. Refractive results according to localization of the disease.

Zone Emmetropia  Hyperopia Myopia High Myopia
I 0% 2% 2% 7%
Il Post 0% 1% 12% 2%
Il 12% 24% 19% 15%
Il 2% 3% 0% 0%
5
0
. -2.20
o
=3
8 ° ,
-10 : +
-11.50- - 1240 -
-15 :
Combined Laser Laser
treatment re-treatment

Figure 1. Spherical equivalent according to type of treatment.

ease (p<0.01). High myopia correlated with more
posterior disease, and hyperopia and emmetropia
with less posterior disease (Table 1).

Mean spherical equivalent was -2.68+4.87D.
In those eyes requiring a combined treatment or
a laser retreatment the spherical equivalent was
significantly more negative (p<0.01), as shown in
tigure 1. In patients with posterior disease (zone
I and posterior zone II) the spherical equivalent
was significantly more negative when compared
with those patients with zone II and zone III dis-
ease (p<0.01) as shown in table 2.

Anisometropia was present in 20 (37%) patients,
with no differences found between different modal-
ities of treatment and localization of the disease.
Astigmatism greater than 1D was observed in 82
(74%) eyes, of whom 22 (20%) had a high astig-
matism (greater than 3D). Sixty-four percent had
a myopic astigmatism, 25% hyperopic astigma-
tism, and 11 % mixed astigmatism. Mean cylinder
power was 1.77+1.25 D. No differences were found
between different modalities of treatment and dis-
ease features. Seventy percent of astigmatisms were
with the rule, 7% against the rule, and 23% oblique.
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Table 2. Spherical equivalent (expressed in diopters) according to localization of the disease.

Zone n Median Mean Standard deviation Statistical group
I 1 -9.38 -7.50 5.49 C
[l Post 15 -3.25 -3.09 2.52 bc
Il 73 -0.50 -1.99 4. ab
Il 5 0.62 0.52 0.54 a
40
37%

12%

1% 1% 1%

0.8 0.9 1 <1

Figure 2. Best corrected visual acuity expressed in LogMAR units. Good visual acuity (blue bars), regular visual acuity (green bars), and bad visual

acuity (pink bars).

Visual results

Visual acuity could be evaluated with a Snellen
chart in 104 eyes. Sixty-two (60%) eyes presented
agood final BCVA, 26 (25%) eyes a regular BCVA,
and 16 (15%) a poor BCVA (Fig. 2).

Among infants that did not cooperate with
visual acuity measurement, a good visual behav-

ior was found in 18 eyes, and a regular behav-
ior in 1 eye. A positive correlation was observed
between BCVA and localization of the disease
(p<0.01), with better BCVA among those infants
that had zone IT and zone III disease in compari-
son with those with zone I and posterior zone II
disease (Table 3). Also, infants with worse BCVA
had received more laser spots (1146+489) than
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Table 3. Best corrected visual acuity frequency (n: 104) according

to localization of the disease.

Best corrected visual acuity

Zone
Good
I 2
I Post 9
Il 46
1] 5

Regular Bad
n 4
4 3
n 9
0 0

those with regular BCVA (7374291 spots) and
good BCVA (680+376 spots) (p<0,01).

Anatomic results

Ninety-seven (79%) eyes did not present ROP
or treatment sequels either in the anterior or the
posterior segment. Three (2%) treated eyes were
complicated by a retinal detachment, 11 (9%) eyes
developed pre-macular fibrosis, 8 (7%) eyes pre-
sented different vascular anomalies such as vas-
cular tortuosity, thin vessels or V-shaped tem-
poral vascular arcades, 4 (3%) eyes a macular
ectopia, 3 (2%) eyes absence of macular reflex,
5 (4%) eyes a tilted optic disk, and 2 (1%) eyes
peripheral white without pressure.

Ocular motility

Data was obtained from 60 patients. Fifty-two
(87%) of them were orthotropic at their last con-
trol, 6 (10%) presented esotropia, 2 (3%) exotro-
pia. Four esotropic patients were hyperopic with
a mean spherical equivalent of +4.5D, and both
exotropic patients were myopic, one of them with
high myopia.

Four children were found to have nystagmus,
all of them having presented zone I disease with
structural retinal sequels.

Discussion

High myopia is recognized as one of the most
significant sequels in infants treated for ROP>*.

In our series we found a predominant myopic
spherical equivalent (-2.68+4.87D). Other stud-
ies have found more a pronounced myopic shift,
ranging between -5.11D and -8.44D, but some of
them including only eyes with zone I disease'*"!,
and in another one that a mean spherical equiv-
alent of -6.35D was found, the patients had been
treated at threshold disease stage according to the
CRYO-ROP Study. On the other hand, we have
found studies communicating spherical equiva-
lents less negative, between -1.53D and 1.82D, but
in two of them the mean age at the last control
was 3 years in one study and only 10 months in
the other one, ages considerably younger than
in our series'* ',

In patients treated with intravitreal antiangio-
genics the spherical equivalent has been found to
be less myopic (between -2.4 and +0.75)%7 101>
1517 Some studies have found a significant myo-
pic refractive shift with laser photocoagulation
when compared with antiangiogenic therapy”
', but others did not® . In our study we could
not evaluate differences with both treatment
modalities as we had very few cases treated by
antiangiogenics. One study reported an associa-
tion of mean spherical equivalent and gestational
age's, but we did not find such an association in
our cohort. High myopia resulted in 25% of our
treated patients, in accordance with other studies
that have found high myopia in 22% to 55% of
treated patients'®'*'*. One study that evaluated
304 non-treatment-requiring premature infants
found a significant less (9.9%) prevalence of
myopia than the figures (56%) we found in our
series®.
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A high prevalence of astigmatism was found
in our series (74% of eyes), with a mean cylinder
power of 1.77+1.25D, as observed by others that
have found a mean cylinder power of 1,6 + 1,5D¢,
and an astigmatic prevalence of 54%". In one
study that only ROP in zone I treated eyes were
included, the astigmatism prevalence was much
higher (89.6%)"!, in contrast to other authors that
found a median cylinder power of 0.00 (range=-
4.5D to +1.5D)".

Although anisometropia is rare among the
general population, being observed in 1%*, in
our study its prevalence was high (37% of treated
eyes), higher than 16% reported in one study",
but lower than 46% found in another study''.
We did not find any correlation of anisometro-
pia with localization of the disease, but it could
be explained by its possible asymmetry.

The prevalence of strabismus was relatively
low in our series (13%), and none of the strabis-
mic children had presented zone III disease. As
those esotropic patients had an elevated mean
hyperopic spherical equivalent, one may spec-
ulate that their strabismus was more related to
their refractive error and/or prematurity than to
their ROP outcomes. In one study that evaluated
59 preterm infants without treated ROP a similar
prevalence (12%) was found, that could explain
that strabismus is more related to prematurity
than with ROP treatment®, but another study
that included a higher number of non-treated
premature infants showed a smaller prevalence
(4.9%) of strabismus®. However, other stud-
ies that included ROP treated patients found a
33% prevalence of strabismus", and in another
28.8%", but both studies included a low number
of treated patients.

In our series 60% of eyes obtained a good
BCVA. In one study that BCVA was evaluated
among laser-treated patients for ROP in zone
I, a good visual result of >6/12 obtained with a
Snellen chart (Logmar 0.3) was found in 81% of
patients''. Similar results were also observed in
another study that found a Snellen visual acuity of
6/12 or more in 17 of 24 patients treated with laser
photocoagulation®. In a comparative study with
laser photocoagulation versus antiangiogenic
intravitreal injections in ROP, it was found that

those eyes treated by antiangiogenic agents had a
better final uncorrected visual acuity, although no
significant difference was found when comparing
with BCVA'®. Post treatment visual acuity may be
reduced because of the disease severity and/or the
treatment itself, but also prematurity could con-
tribute to infant’s low vision, as reported in sev-
eral studies that observed that premature babies
had lower visual acuity than full-term babies>*.
However, another study that compared infants
with treated versus spontaneously regressed ROP
found a worse BCVA in treated infants”.

Post treatment anatomic or structural results,
determined by biomicroscopy and binocular
indirect ophthalmoscopy, was found normal in
the majority of our patients, with only a few cases
presenting discrete vascular anomalies, in agree-
ment with other study that obtained a favorable
anatomic outcome in 96% of their cases”. Some
studies have evaluated post treatment struc-
tural outcomes by means of optical coherence
tomography (OCT), finding significantly reduced
foveal, parafoveal, and perifoveal thicknesses in
patients treated with antiangiogenic intravitreal
injections compared with laser treated infants®.
In another study evaluating treated babies with
fluorescein angiography they observed vascular
anomalies such as leakage, shunts, and ramifica-
tions in infants that had received intravitreal anti-
angiogenics, but none of those vascular anomalies
in infants treated with laser photocoagulation®.

Our study presents some weaknesses, among
them its retrospective nature, the small sam-
ple size, especially in the antiangiogenic treated
group, that precludes generalizing our findings.

However, the long-term follow-up (up to 20
years) and that all the patients have been diag-
nosed, treated and followed by the same experts
and with the same protocol, constitutes an
important strength.

Conclusions

In their last control, the majority of ROP treated
infants had a good BCVA despite significant
refractive errors, mainly myopia. Localization
of the disease was observed as an important risk
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factor related to the final refractive error, and
posterior disease was associated with a higher
prevalence of high myopia.
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