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Characteristic clinical
features associated
with aggressive
posterior retinopathy
of prematurity

Abstract

Purpose To identify the risk factors for, and
clinical features and treatment outcomes of
aggressive posterior retinopathy of
prematurity (APROP) in Korean infants.
Methods Among 770 premature infants who
underwent screening, 105 infants (198 eyes,
13.63%) received treatment for ROP. A total
of 24 infants (48 eyes, 3.12%) developed
APROP while 81 infants (150 eyes, 10.52%)
developed non-APROP treatment-requiring
type. The medical records of ROP-treated
infants were reviewed retrospectively. The
associated systemic and maternal risk factors
were analyzed and anatomical outcomes were
compared according to the severity of ROP
and treatment modalities.

Results The mean gestational age and birth
weight at birth in the APROP group were
significantly lower than those in the non-
APROP group (P =0.019, P<0.001,
respectively). Infants who were born small
for their GA developed APROP more
frequently than non-APROP patients

(P <0.001). Chorioamnionitis-positive infants
also showed higher incidence rate of APROP
(APROP vs non-APROP; P<0.001 and zone I
APROP vus posterior zone II APROP;

P =0.036, respectively). Infants with APROP
required heavier laser treatment with a higher
retreatment rate compared to infants with
non-APROP. Favorable anatomical outcomes
were achieved in 95.3% from treatment-
requiring non-APROP group, 85.7% from
zone I APROP and 84.6% from posterior zone
II APROP group.

Conclusion Intrauterine growth restriction
and chorioamnionitis were associated with
development of APROP. These findings
suggest that perinatal maternal environment
inhibiting normal retinal vascular growth in
utero may contribute to increasing the risk of
APROP in premature infants.
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Introduction

Retinopathy of prematurity (ROP) is a
proliferative vitreoretinopathy, a leading cause
of lifelong visual impairment in premature
infants.! Both CRYO-ROP? and Early Treatment
ROP3 studies demonstrated that low birth
weight (BW) and small gestational age (GA) are
the most important clinical predictive factors for
ROP development. The advancement in
neonatal care has led to prolonged survival of
extremely premature infants and increased
prevalence of zone I ROP.* Aggressive posterior
ROP (APROP), a severe form of ROP, with an
incidence rate of 2.5%, is defined as stated in
International Classification of ROP (ICROP)
study that includes, posterior location (zone I or
posterior zone II), increased dilation and
tortuosity of the posterior pole vessels in all
quadrants out of proportion to the peripheral
retinopathy with flat extraretinal fibrovascular
proliferation (EFP), and a rapidly progressive
course.> Management of APROP may be
complicated due to poor visualization of the
fundus by persistent tunica vasculosa lentis or
flat growth of neovascularization along the
retina. However, despite appropriate laser
ablation, persistent or recurrent vascular activity
and retinal detachment may take place,
requiring second-stage laser or additional anti-
vascular endothelial growth factor (VEGF)
treatment.® The treatment prognosis is reported
to be poorer than the typical threshold ROP.”
In this study, we aimed to determine the clinical
and demographic risk factors of APROP, looking
forward to providing information on factors that
predispose individuals to APROP, beyond those
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that have already been described such as BW and GA.
Furthermore, we assessed the response to treatment,
number of retreatments required, and final anatomical
outcomes.

Materials and methods

This study was approved by the Institutional Review
Board of Seoul St Mary’s Hospital, College of Medicine,
The Catholic University of Korea, Seoul, South Korea
(KC15RISE0815).

A retrospective study was performed at Seoul St Mary’s
Hospital (Seoul, Republic of Korea) from January 2009-
December 2014. From the start of our study, the criteria
for screening were as follows: BW <2000 g or GA
<34 weeks. A total of 770 premature infants (1440 eyes)
were screened. The first examination was scheduled when
the infant was 31-33 weeks GA or post-natal 4-6 weeks
old, whichever was first. Subsequent examinations and
treatments were planned following the Early Treatment
ROP (ETROP) recommendations. The ocular findings
were classified according to the ICROP criteria.

Among the premature infants who underwent
screening, 105 infants (198 eyes, 13.63%) required
treatment for ROP. The criteria for treatment included the
following parameters as defined by the ETROP study:
zone I any stage of ROP with plus disease, zone I stage 3
without plus disease, and zone II stage 2 or 3 with plus
disease. Patients were then divided into three groups as
follows: the APROP groups with ill-defined flat
neovascularization, regardless of stage; zone I APROP
(Figure 1a), posterior zone II APROP (Figure 1b), and
treatment-requiring non-APROP group that refers to plus
disease and the presence of EFP extending from ridge
(more than five contiguous or eight cumulative clock
hours) (Figure 1c). All cases of ROP requiring treatment
underwent laser photocoagulation on the entire avascular
retina as a first-line treatment. Meanwhile, 14 infants with
rapid disease progression, such as zone I or posterior zone
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IT APROP received additional intravitreal anti-VEGF
(0.25mg/0.01 ml of bevacizumab) injection
simultaneously with laser photocoagulation or
postoperatively, according to disease severity.

Infants were followed up carefully until disease
stabilization with regression of plus sign and EFP was
achieved. Thereafter, regular follow-up was carried out at
postoperative 3 months, 6 months, 1 year, and 3 years.
Visual acuity, ocular alignment, and fundus were checked
at every visit while the cycloplegic refractive
measurement was determined starting at postoperative
1 year.

The associated risk factors for the development of ROP
were analyzed. Possible systemic risk factors associated
with ROP were collected, including the Apgar score at 1
and 5 min, intraventricular hemorrhage (IVH),
necrotizing enterocolitis (NEC), bronchopulmonary
dysplasia (BPD), patent ductus arteriosus (PDA), sepsis,
antibiotic use, duration of oxygen supplementation and
assisted ventilation or continuous positive airway
pressure (CPAP), thrombocytopenia (defined as a platelet
count <100 x 10°/1), mean platelet count, and the number
of platelet transfusions. Platelet data available within
1 week prior to ROP treatment were analyzed in this
study. Possible maternal risk factors included maternal
age, premature rupture of membrane (PROM),
preeclampsia, and chorioamnionitis. Chorioamnionitis
was defined by microbiologic and histologic assessment:
(a) positive for Ureaplasma urealyticum or Mycoplasma
hominis in maternal vaginal swab, placental tissue, or
infant gastric juice; (b) presence of acute histologic
changes on examination of the amniotic membrane and
chorion of the placenta and umbilical vessel wall,
characterized by leukocyte infiltration.3-10

Treatment outcomes and retreatment rates were also
documented. Anatomical outcome was evaluated by
fundus photography, ultrasonography, and B-scan.
Posterior segments without macular dragging, retinal

Figure 1 Zone I APROP (a) and posterior zone II APROP (b) showing peripheral ill-defined retinopathy and flat neovascularization at
the junction of the vascular and avascular retina and circumferential intraretinal shunting. Non-APROP treatment-requiring ROP (c)
shows plus disease and stage 3 extraretinal fibrovascular proliferation (EFP) extending from ridge in zone I and zone II, consistent with

the criteria threshold defined in the CRYO-ROP study.
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fold, or retinal detachment, were considered as favorable
anatomical outcomes.

Statistical analysis was performed using the Student’s
t-test and Pearson’s y*-test to compare the demographic
characteristics and the frequency of risk factors between
groups, with the SPSS Statistics 19.0 software (IBM
Corporation, Armonk, NY, USA). The patients of each
group were randomly selected to be matched for their GA,
the possible confounder in the development of ROP. For all
analyses, a P-value <0.05 was considered significant.

Results

During 6-years’ period, a total of 770 premature infants
(1440 eyes) were screened for ROP. Overall, 105 infants
(198 eyes, 13.63%) required treatment for ROP, among
which, 81 (150 eyes, 10.52%) developed treatment-
requiring non-APROP, while 24 infants (48 eyes, 3.12%)
developed APROP. The prevalence of treatment-requiring
ROP according to BW is shown in Table 1.

The demographics of the ROP-treated infants are
described in Table 2. The mean BW was 0.92 +0.44 kg
in the APROP group and 1.15+0.30 kg in the non-APROP
group (P <0.001). Infants with APROP also had a lower GA
at birth (26.99 +2.23 weeks) compared to infants who
developed non-APROP (28.77 +2.93 weeks), the
difference of which was statistically significant (P=0.019).
Treatment of APROP eyes occurred at a mean post-
menstrual age (PMA) of 34.12 +3.18 weeks and received
a mean of 1558.94 +415.23 total laser spots. This was
significantly greater than treatment-requiring non-APROP
cases, which received a mean total of 798.38 +393.61 laser
spots (P<0.001) at a greater PMA of 36.30 +5.70 weeks
(P=0.001). Considering the APROP subgroups, zone I
APROP group had a lower BW (P =0.002), lower GA at
birth (P=0.029), and earlier PMA at first treatment
(P=0.145) with more total laser spots (P<0.001) for
treatment, compared with posterior zone II APROP.

Table 1 Total number and frequency of premature babies with
APROP and treatment-requiring non-APROP according to the
birth weight during the study period

Birth Total number Total number treated
weight (g) screened
Eyes (pts) APROP Non-APROP

Eyes (pts) %  Eyes (pts) %

<750 110 (55) 12(6) 1091 19 (10) 18.18
750-1000 256 (128) 18(9) 7.03 50(27) 21.09
1000-1250 308 (154) 12(6) 390 46 (24) 1558
1250-1500 396 (198) 2(1) 051 24(13) 657
1500-1750 260 (130) 4@2) 154 10(6) 462
>1750 210 (105) 0 0 1(1) 095
Total 1440 (770) 48 (24) 312 150 (81) 10.52
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The risk factors in infants with APROP (for zone I and
posterior zone II) and non-APROP types were evaluated
separately (Table 3). As the BW of infants from the
APROP group was smaller than non-APROP infants, the
number of infants who fell in the category of SGA was
greater in the APROP group (P <0.001). The mean Apgar
score at 1 and 5 min; the presence of IVH, NEC, BPD,
PDA, and sepsis; antibiotic use over 14 days; number of
platelet transfusions; and maternal risk factors such as
maternal age, PROM, and preeclampsia revealed no
statistical significance between overall APROP and non-
APROP infants (P> 0.05). Likewise, the application of
oxygen, with or without mechanical ventilation or CPAP,
as well as the total duration of oxygen therapy did not
increase the risk of APROP development. However, the
incidence of thrombocytopenia was significantly higher in
the APROP group with significantly low mean platelet
count compared to the non-APROP group (P=0.025 and
P =0.006, respectively). APROP subgroup analysis
demonstrated higher occurrence of thrombocytopenia in
zone I APROP group compared to posterior zone II
APROP group (P=0.011). The incidence of
chorioamnionitis was significantly higher in the APROP
group compared to the non-APROP group (P <0.001). For
the APROP subgroup, the incidence rate of
chorioamnionitis was higher in zone I APROP infants
compared to posterior zone II APROP infants (P =0.036).

To eliminate the effect of prematurity as a confounder,
the three groups were matched by GA. As a result,
platelet count lost statistical significance (P =0.564).
However, the proportion of SGA infants was significantly
higher (P <0.001) and chorioamnionitis was more
frequent in APROP infants compared to non-APROP
infants (P =0.021).

Table 4 shows the anatomical outcomes after treatment
according to the patient group and the treatment
received. The retreatment rate was higher in the APROP
group (16.7%) than in the non-APROP (8%) group.
Among infants with APROP, 18 eyes (85.7%) from the
zone I APROP group and 22 eyes (84.6%) from the
posterior zone II APROP group achieved favorable
anatomical outcome, which was lower than that of the
treatment-requiring non-APROP group, in which 143 eyes
(95.3%) had a favorable outcome. Sequelae such as
macular dragging, retinal folding, and retinal detachment
were more frequently observed in infants with APROP.

Discussion

The aim of this single-center study was to analyze the risk
factors for, and clinical features and treatment outcomes
of APROP, compared with treatment-requiring non-
APROP-type disease. The major finding of our study was
that, in addition to prematurity and low BW, SGA and
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Table 2 Demographics of infants requiring treatment

Birth weight (kg) GA at birth (weeks)

PMA at first Tx (weeks)

Laser spots (spots)

APROP

Zone 1 0.86+0.13 26.27 +1.44 33.40+3.95 1787.71 +£425.08

Posterior zone 11 0.97 +£0.09 27.65+2.64 34.78 +£2.15 1363.22 +301.35

Total 0.92+0.44 26.99 +2.23 34.12+3.18 1558.94 +415.23
Treatment-requiring non-APROP 1.15+0.30 28.77 +£2.93 36.30+5.70 798.38 +£393.61
P-value' 0.002* 0.029* 0.145 <0.001*
P-value? <0.001* 0.019* 0.001* <0.001*
Abbreviations: GA, gestational age; PMA, post-menstrual age; Tx, treatment.
P-value* <0.05.
P-value' compares zone I APROP and posterior zone II APROP.
P-value? compares total APROP and non-APROP.
Table 3 Risk factors for development of treatment-requiring ROP

Zone I Posterior zone 11 P-value
APROP APROP Total APROP  Non-APROP
n (%) or n (%) or n (%) or n (%) or Zone I vs post-zone II ~ Total APROP vs
Mean + SD Mean +SD Mean + SD Mean = SD APROP non-APROP

SGA 8 (72.7) 12 (92.3) 20 (83.3) 21 (25.9) 0.365% <0.001*
Mean Apgar score 3.50+1.31 2.79+1.25 3.12+1.31 2.99+1.79 0.169° 0.699°
at 1 min
Mean Apgar score 542 +1.51 493 +1.64 516+1.72 510211 0.250° 0.275°
at 5 min
IVH (Gr I-1I) 4 (36.4) 4 (30.8) 8 (33.3) 40 (49.4) 0.563* 0.129*
IVH (Gr III-1V) 7 (63.6) 4 (30.8) 11 (45.8) 18 (22.2) 0.233* 0.130%
NEC requiring surgery 7 (63.6) 4 (30.8) 11 (45.8) 12 (14.8) 0.233% 0.113°
BPD >moderate 8 (72.7) 8 (61.5) 16 (66.7) 67 (82.7) 0.701* 0.073*
PDA corrected with 10 (90.9) 12 (92.3) 22 (91.7) 47 (58.0) 0.641* 0.089*
ligation
O, therapy 11 (100) 12 (92.3) 23 (95.8) 73 (90.1) 0.483" 0.067°

Total duration (days)  72.83+39.07  57.27+37.84 65.39+38.43  62.79+35.03 0.344° 0.763°

Mechanical ventilation 11 (100) 12 (92.3) 23 (95.8) 69 (85.2) 0.483* 0.569"

CPAP 6 (54.5) 5 (38.5) 11 (45.8) 28 (34.6) 0.500? 0.632"
Sepsis 8 (72.7) 6 (46.2) 14 (58.3) 36 (44.4) 0.267* 0.820*
Antibiotic therapy 11 (100) 13 (100) 24 (100) 67 (82.7) 0.864" 0.571*
(>14 days)
Mother age (years) 32.00+3.10 32.15+3.93 32.08 +3.45 32.27 +4.58 0.915° 0.850°
Mother PROM 4 (36.4) 6 (46.2) 10 (41.7) 45 (55.6) 0.7017 0.067%
Preeclampsia 0 (0) 1(7.7) 14.2) 8 (9.9) 0.538% 0.439*
Chorioamnionitis 6 (54.5) 3(23.1) 9 (37.5) 6 (7.4) 0.036% <0.001*
Thrombocytopenia 6 (54.5) 2 (15.4) 8 (33.3) 12 (15) 0.011* 0.025"
Platelet count (x10°/1) 106.59 +£51.72  181.26 £100.36  143.50+86.85 214.28 +107.37 0.039° 0.006°
Platelet transfusions 10 (90.9) 10 (76.9) 20 (83.3) 65 (80.2) 0.195° 0.477°

Abbreviations: AGA, appropriate for gestational age; BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; IVH,
intraventricular hemorrhage; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; PROM, premature rupture of amniotic membrane; SGA,

small gestational age. * Pearson’s y*-test. ®Student’s t-test.

chorioamnionitis appeared to be the risk factors specific to
the development of APROP. Thus, our findings suggest
the potential role of perinatal maternal environment
responsible for developing severe type ROP.

Infants who develop APROP, which comprise ~1/4
of all infants with treatment-requiring ROP, have
significantly lower GA and BW at birth compared with
infants with non-APROP-type ROP. In addition, we
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Table 4 Treatment options and outcomes in ROP-treated eyes

Zone I APROP

Posterior zone I APROP

Non-APROP
Laser only Laser+anti-VEGF Laser only Laser+anti-VEGF Laser only
(10 eyes) (11 eyes) (23 eyes) (three eyes) (150 eyes)
Retreatment N (%) 2 (20%) 2 (18.2%) 4 (17.4%) 0 12 (8.0%)
Anatomical outcome Favorable outcome 8 (80%) 10 (90.9%) 20 (87.0%) 2 (66.6%) 143 (95.3%)
N (%) Macular dragging 0 1 (9.1%) 2 (8.7%) 1 (33.3%) 6 (4.1%)
Retinal fold 0 0 0 0 1 (0.7%)
Retinal detachment 2 (20%) 0 1 (4.3%) 0 0

Abbreviation: VEGF, vascular endothelial growth factor.

found that the GA and BW of infants with zone I APROP
were even lower than those with posterior zone II
APROP. These results are consistent with previous
studies, which have included patients with severe ROP as
well as APROP.® Importantly, these findings suggest that
lower BW and GA at birth are associated with an earlier
onset of ROP which in turn is associated with a higher
incidence of APROP.

The overall BW of infants in our study was higher than
that reported in previous studies. This may have been due
to the screening criteria, applied to our institution, which
consisted of infants with a BW <2000 g or GA <34 weeks
from the start of our study, and might have eventually
raised the mean BW of study participants. We have
experienced treatment-requiring ROP in nine infants over
1500 g BW with a prevalence of 3.82% (Table 1). It should
be noted that even two Korean infants over 1500 g BW
developed posterior zone 1T APROP.M

In our study, the proportion of SGA babies was
significantly higher in the APROP group compared to the
non-APROP group. SGA, defined as BW <10th percentile
for GA, increases the perinatal morbidity and mortality
rates in premature infants. In addition, a number of
studies revealed that SGA is an independent risk factor
for ROP development.'?!3 This finding is also supported
by experimental animal models, in which growth-
restricted rats were found to have more abnormal retinal
neovascularization in two well-established models of
ROP.™ As SGA infants often have poorer general
conditions than their AGA peers, they are more likely to
require oxygen supplementation, a well-known risk factor
for ROP.15 Other possible mechanisms associated with
intrauterine growth restriction include chronic uterine
hypoxia, antioxidant deficiency, free oxygen radicals in
utero, and abnormal growth factor levels.'®

Our study demonstrated that chorioamnionitis is one of
the factors that increases the risk of developing APROP.
Moreover, within the APROP group in this study, zone I
APROP, which is the more severe type, seemed to have
stronger connection with chorioamnionitis. The results
were still valid after adjusting for GA. Here, we used the
term ‘chorioamnionitis” for infants, who were born from

Eye

U. urealyticum- or M. hominis-positive mothers or acute
inflammatory change in the placental pathology.

U. urealyticun and M. hominis are the most common
organisms from infected amniotic fluid and placentas that
contributes to adverse pregnancy outcomes including
preterm birth and neonatal morbidities.>*17~1% Perinatal
inflammation has been associated with adverse
neurological effects in premature infants such as white
matter injury, IVH, and cerebral palsy. Recently, a
number of studies have assessed the relationship between
maternal, placental infection/inflammation, and
ROP.172021 The role of perinatal infection/inflammation
in ROP pathogenesis remains unclear, but several studies
have reported positive association of chorioamnionitis
with the occurrence and progression of ROP.817.2021 The
production of proinflammatory cytokines, such as tumor
necrosis factor-a, interleukins (IL)-1, IL-6, and IL-8 can be
induced in the fetal brain by maternal intrauterine
infection/inflammation, which in turn may attribute to
the development of severe ROP, especially in the first 72 h
of life.?? The lack of insulin-like growth factor (IGF-1) as a
result of perinatal inflammation, an important non-
oxygen regulated factor in ROP, is critical to the normal
development of the retinal vasculature,?® may indicate a
lack of vascular growth and subsequent proliferative
ROP.2* Dammann et al*! suggested that extreme
prematurity with multiple hits of perinatal inflammation
appear to be involved in ROP etiology and progression.
Our findings suggest that antenatal infection/
inflammation itself may inhibit retinal vascular growth in
utero and predispose infants toward rapidly-progressing
ROP in zone I or posterior zone II. Other known risk
factors? such as IVH, NEC, BPD, PDA, sepsis, oxygen
supplementation, maternal age, PROM, and preeclampsia
were not considered meaningful in this study.

The present study investigated an association of
thrombocytopenia with development of APROP.
Thrombocytopenia is a common condition in newborns,
especially those born with extremely low GA and BW.?
A >30% drop in platelet counts also without reaching
thrombocytopenia as well as thrombocytopenia have
been suggested to predict infantile morbidities and



mortality.?” Several studies have indicated that platelets
are important regulators of angiogenesis, by storing and
transporting angiogenic regulatory proteins such as
VEGF within platelet alpha granules.?-30 Therefore,
thrombocytopenia may contribute to insufficient
elimination of VEGF from the immature retina causing
unregulated retinal neovascularization and subsequent
development of ROP.332 However, our study did not
show any statistical association of thrombocytopenia and
mean platelet count with development of APROP after
adjusting for GA. This might be due to the single
retrospective extraction of the platelet levels and the small
sample size of our study. Further longitudinal data are
required to clarify the exact relationship between low
platelet counts and APROP.

Regarding to treatment outcome, laser treatment
tended to be heavier in zone I APROP eyes than posterior
zone II APROP eyes, not to speak of non-APROP eyes
(Table 2). Disease severity and a more posterior position
of the ridge, which result in an increased area of avascular
retina requiring treatment, are the likely causes of more
intensive therapy.® Among infants with APROP, 18 eyes
(85.7%) from the zone I APROP group and 22 eyes
(81.5%) from the posterior zone II APROP group achieved
favorable anatomical outcome, which was lower than the
treatment-requiring non-APROP group, of which 143 eyes
(95.3%) had a favorable outcome. Similar to previous
studies, more favorable anatomical outcomes were
achieved by laser monotherapy in infants with non-zone I
ROP than in infants with zone I ROP.”33 Bevacizumab
eliminates the angiogenic threat of ROP because of the
role of VEGF in stimulating neovascularization in ROP.°
Kim et al®* reported prompt regression of plus sign and
favorable outcome after combined zone I sparing laser
photocoagulation and 0.25 mg/0.01 ml of intravitreal
bevacizumab injection. In our study, 14 APROP eyes were
treated with laser photocoagulation combined with
intravitreal bevacizumab injection. Retreatment was
required in two eyes, and favorable anatomical outcome
was ultimately achieved in 12 eyes without retinal
detachment. This overall high anatomical favorable
outcome of APROP implies that careful screening and
timely aggressive treatment can lead to good outcomes
even in infants with APROP. Further investigation is
required regarding long-term functional outcomes such as
visual acuity and field, refractive error, and development
of strabismus in APROP-treated infants.

Although our results should be interpreted with
caution due to the small sample size and single-center
nature of the study, it is noteworthy that not only low GA
and BW at birth but also being small for GA and
chorioamnionitis could be the predictors for developing
APROP. Thus, the results of our study suggest that,
ophthalmologists should always beware of the possibility
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of severe ROP development, especially in premature
infants with antenatal maternal environmental risk factors
that may interfere with normal in utero retinal vascular
growth.

Summary

What was known before
® Retinopathy of prematurity (ROP) is a proliferative
vitreoretinopathy, a leading cause of lifelong visual
impairment in premature infants. Aggressive posterior
ROP (APROP), a severe form of ROP, is even more
complicated to treat and the treatment prognosis is known
to be poorer.

What this study adds
@ Perinatal maternal environment such as intrauterine
growth restriction and chorioamnionitis were associated
with development of APROP.
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