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Abstract
A review of literature was performed, focused on the etiopathogenesis of aggressive posterior retinopathy of prematurity
(APROP), the characteristic and atypical clinical features, management strategies, anatomical and visual outcomes.
Characteristically APROP has zone I/posterior zone II involvement with prominent plus disease, featureless junction, large
vascular loops, flat extra-retinal fibrovascular proliferation, and a rapidly progressive course. The risk factors for APROP are
extreme prematurity (birth weight ≤1000 gram and/or gestational age ≤28 weeks), dysregulated oxygen supplementation,
intrauterine growth retardation, sepsis, and thrombocytopenia. The uncommon presentations include small zone I disease, a
hybrid disease with additional ridge tissue, and APROP in bigger babies with birth weight greater than 1500 g. Laser
photocoagulation role is limited by the resultant visual field loss and high refractive error. Although anti-vascular endothelial
growth factor injection allows peripheral retinal vascularization; reactivation of disease, systemic absorption of the drug and
long-term safety are the chief concerns. Early vitrectomy is required when tractional retinal detachment develops. The visual
outcome depends upon the morphology and vascular development of the macula. With the limited yet emerging
new understanding of the pathophysiology, a multifaceted rational and individualized treatment strategy is suggested for
APROP. Best practices in neonatal intensive care may prevent the occurrence of APROP. Further studies need to be
performed for the prevention and safe, effective management of APROP.

Introduction

Aggressive posterior retinopathy of prematurity (APROP) is
a rapidly progressive form of retinopathy of prematurity
(ROP). The clinical features are characteristic and different
from the classical ROP. If not treated in time, the disease
may rapidly progress to stage 5 ROP. The optimal man-
agement approach is debatable with the pros and cons of
both laser photocoagulation and intravitreal anti-vascular
endothelial growth factor (anti-VEGF) injections. A com-
prehensive review of the pathophysiology, clinical features,

and continuously evolving management options for APROP
is being presented.

The relevant literature was searched on PubMed Medline
and Google Scholar databases using the terms “aggressive
posterior retinopathy of prematurity” and “APROP.” The
search was performed for articles published till 30 Sep-
tember 2019. A total of 175 articles were screened. For non-
English articles without translated text, only abstracts were
reviewed. The papers on severe non-APROP disease were
excluded. All original studies or case series or case reports
were included. The references of these articles were also
searched for any other articles of interest. In the end, 129
articles were included in the review.

Terminology

In 2005, the International Classification of ROP (ICROP)
introduced the term “APROP” [1]. “APROP” was described
as “a severe variant of ROP, which includes zone I or
posterior zone II with increased dilation and tortuosity of
the posterior pole vessels in all four quadrants out of
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proportion to the peripheral retinopathy with flat extra-
retinal fibrovascular proliferation and a rapidly progressive
course” [1]. Previously APROP was referred to as “type II
ROP” [2] or “fulminate ROP” [3] or “Rush disease” [4].

Demography

There is a varied incidence of ROP and APROP due to dif-
ferent standards of care and screening criteria in various
health-care facilities (Table 1) [5–9]. A Korean study reported
the incidence of treatment-requiring ROP and APROP of
13.63% and 3.12% respectively in a cohort of 770 infants
screened for ROP [7]. In a nationwide survey of 3488 infants
from Sweden, the incidence of ROP, treatment-requiring
ROP, and APROP was 30.3%, 5.2%, and 0.43%, respectively
[8]. In a study from a tertiary care referral centre in Turkey,
the incidence of treatable ROP and APROP was 0.51% and
0.11%, respectively [9]. The incidence of ROP in Indian
settings is reported to range from 24% to 47% [10–13]. The
incidence rates of APROP are higher as compared to other
countries, reported around 4–5% [12, 13].

Among the treatment-requiring ROP, the percentage of
infants reported to have APROP is 8.3% in Sweden [8],
10% in Thailand [14], 20% in Turkey [9], and 24.2% in
Korean population-based studies [7]. The incidence is
increasing in developing countries due to improving neo-
natal care leading to increased survival of extremely pre-
mature babies [15]. To the best of our knowledge, there is
no data on APROP incidence from the developed countries.

Pathophysiology and predisposing factors

ROP is a vasoproliferative disorder of the retinal vasculature
in the preterm babies. The development of retinal vasculature
depends on a complex interplay of growth factors secreted by
the retinal astrocytes and microglial cells [16]. The key factors
involved are VEGF and insulin-like growth factor-1 (IGF-1).
Disturbance in the arterial oxygen levels, both hyperoxia and

hypoxia adversely affect the retinal vasculature in the preterm
babies. ROP occurs in two phases [16]. In the first phase
(from birth till 4 weeks after birth or till 31–32 weeks post-
conceptional age), there occurs relative environmental
hyperoxia, which leads to vaso-obliteration. In the second
phase, the hypoxic peripheral retina secretes VEGF and IGF-1
in abundance, which causes neovascularization at the junction
of the vascular and avascular retina.

The usual neonatal risk factors for severe ROP includes
gestation age (GA) < 30 weeks, birth weight (BW) < 1000 g,
and other co-morbidities like respiratory distress syndrome,
apnea of prematurity, hypotension, patent ductus arteriosus,
necrotizing enterocolitis (NEC), sepsis including pneumo-
nia and meningitis, intraventricular haemorrhage, unmoni-
tored oxygen exposure through continuous positive airway
pressure or positive pressure ventilation, surfactant use and
packed cell transfusion [17, 18]. Apart from the GA and
BW, which are the two most important known risk factors
for ROP development, supplemental oxygen use is also a
significant risk factor [18].

The pathophysiology of APROP remains an enigma
[16, 18]. Perhaps the clinical presentation of ROP varies
depending upon whether the vasculogenesis phase or the
angiogenesis phase is disturbed [19]. In the vasculogenesis
phase, the retinal vessels develop de novo at the area of
optic disc by transformation of the vascular precursor cells.
The major arcades develop in the phase of vasculogenesis.
In the angiogenesis phase, new retinal vessels grow from
the existing vessels by the process of budding. If the insult
occurs early in the vasculogenesis phase (due to low GA
and early hyperoxia), then the vasculogenesis gets disturbed
resulting in a severe zone I aggressive disease [19].

The independent risk factors reported for the develop-
ment of APROP include extreme prematurity, thrombocy-
topenia, multiple infectious episodes, sepsis, intrauterine
growth retardation, and the presence of chorioamnionitis
[1, 7, 19–21].

Studies from the West and Japan have shown extreme
prematurity (BW < 1000 g and GA < 30 weeks) to be a
significant risk factor for APROP development [1, 22, 23].

Table 1 Reported incidence of
aggressive posterior retinopathy
of prematurity.

Author, year Country Screened cohort Incidence of ROP Incidence of
treatable ROP

Incidence
of APROP

Hungi, 2012
[13]

India 118 babies
(236 eyes)

38.5% – 5.0%

Holmstrom,
2012 [8]

Sweden 3488 babies 30.3% 5.2% 0.43%

Gunay, 2016 [9] Turkey 5920 ROP records – 0.51% 0.11%

Ahn, 2017 [7] Korea 770 babies – 13.63% 3.12%

Dwivedi, 2019
[12]

India 763 babies 30% 14.2% 3.9%

ROP Retinopathy of prematurity, APROP aggressive posterior retinopathy of prematurity.
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Borroni et al. reported GA < 24 weeks as a significant factor
predisposing to APROP development in the Italian popu-
lation [24]. Infants who are born small for gestational age i.e
BW < 10th percentile for GA develop APROP more fre-
quently [7]. However in some settings, APROP has been
reported to develop in older and heavier babies as well
[21, 25–28]. In a large series of patients reported by Sanghi
et al. from North India, nearly half of the patients with
APROP had BW > 1250 g, and GA > 30 weeks and around
16% of the patients had BW > 1500 g [26]. Perhaps risk
factors other than the GA and BW, such as supplemental
use of high concentration oxygen for a prolonged duration
may play a more significant role in older and heavier babies.
Shah et al. reported the use of unblended supplemental
oxygen as an additional risk factor for the development of
APROP in heavier and older babies [25].

Chorioamnionitis-positive infants also show higher
incidence rate of APROP [7]. Maternal infection with
Ureaplasma urealyticum or Mycoplasma hominis may
induce production of pro-inflammatory cytokines in the
foetal brain [29] and decrease the levels of serum IGF-1
[30], which is a critical non-oxygen-regulated factor in
ROP. This pro-inflammatory situation, in turn, prevents
retinal vascular growth and leads to severe proliferative
ROP [31, 32]. Also, the neonates with APROP often have
associated NEC and sepsis [20, 24], which also highlights
the role of perinatal infection in worsening of the retinal
proliferative disease.

Although thrombocytopenia is a common condition in
new-borns, especially those with low GA and BW, the
incidence of thrombocytopenia is more frequent in babies
with APROP than those with classical ROP [7, 20, 21]. The
occurrence is higher in zone I disease than posterior zone II
disease [7]. Platelets store and transport angiogenic reg-
ulatory proteins like VEGF within the alpha granules and
thereby regulate the extracellular VEGF levels [33, 34].
Low platelet levels lead to insufficient quenching of the
VEGF from the retina, which in turn may cause unregulated
retinal neovascularization [20].

Lundgren et al. suggested a “multiple-hit” hypothesis for
the pathogenesis of APROP wherein thrombocytopenia and
infectious episodes occurred twice in all of their cases, with
the first episode occurring during the first month of life and
the second episode at the time of diagnosis of APROP [20].
Both APROP and non-APROP cases had episodes of
infection and thrombocytopenia during the first phase of
ROP, but only APROP cases develop the second episode
during the second phase of ROP [20]. This highlights the
possibility of extremely poor health and recurrent, multiple
co-morbidities being responsible for the development
of APROP.

Genetics has long been thought to play a role in
ROP [35]. Mutations in the genes related to retinal

vascular formation have been implicated to cause advanced
ROP [35]. These include Frizzled-4 (FZD4) or
lipoprotein receptor-related protein 5 (LRP5) genes, the
mutation of which adversely affects the Wnt-signal trans-
duction [35]. Drenser et al. had reported that compound
heterozygous mutation in the FZD4 gene may be respon-
sible for APROP development as compared to classical
ROP [36].

Screening

Screening preterm babies for ROP is the only way to detect
ROP, and more importantly APROP, in time. A majority of
nations have their own defined ROP screening criteria [37].
The American Academy of Pediatrics and American
Academy of Ophthalmology advocate screening of all
infants born at ≤30 weeks of gestation or with ≤1500 g BW
as well as certain older and heavier infants based on the
clinical course as assessed by the paediatrician [38]. The
Royal College of Ophthalmologists, United Kingdom
advise screening of all infants born at <32 weeks of
gestation or with <1501 g BW [39].

The screening guidelines differ considerably in the low-
middle income countries where bigger babies with BW
greater than 1500 g also develop severe ROP due to poor
neonatal intensive care unit (NICU) care [37]. The Indian
guidelines recommend screening of all infants born at
≤34 weeks of gestation or with ≤2000 g BW or higher with
risk factors at one month of birth [40]. The Chinese Expert
group also recommends screening infants with GA ≤
34 weeks or BW ≤ 2000 g or any infant, irrespective of the
GA and BW, if risk factors are present [41].

There are no definite guidelines for screening at-risk
APROP cases. The Royal College of Ophthalmologists
guidelines suggest early screening at 30–31 weeks post-
menstrual age (PMA) for infants born at <27 weeks GA,
perhaps to detect APROP early [39]. Similarly, the Indian
guidelines recommend screening of preterm infants born
<28 weeks or <1200 g earlier than usual (within 2–3 weeks
rather than at 4 weeks) to detect APROP [40, 42].

Clinical features

APROP occurs in zone I or posterior zone II with large
vascular loops at the junction of the vascular and avascular
retina [1, 22]. Prominent plus disease with tortuous retinal
arteries and dilated retinal veins at the posterior pole is
characteristic. Within the vascular loops, the retina is devoid
of the vasculature and has capillary non-perfusion (Fig. 1).
Intraretinal shunting of the blood occurs not only at the
junction but also posteriorly in the apparently vascularised
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retina. The retinal vasculature may have a four-lobed
topography with more vascular development temporally
than nasally, hypoplastic/absent major arcades and hypo-
plastic macular vessels.

The iris may have prominent, persistent tunica vasculosa
lentis (TVL) leading to pupillary rigidity and poor pupillary
dilatation in these eyes. If dense, TVL may also obscure the
retinal view. Vitreous haze is another important clinical
feature of APROP, but may precede the development
of APROP.

The neovascularization is clinically less evident as the
growth of abnormal vessels is along the retinal surface
instead of into the vitreous cavity. Less often the neo-
vascularisation may be brush-fire like and grows into the
vitreous cavity [43]. The friable neovascular tissue tends to
bleed, and it is common to find preretinal and vitreous
haemorrhage in such cases. The classical stages of ROP
(from demarcation line to the ridge to extra-retinal neo-
vascularisation) may not occur in APROP. If not treated in
time, the extensive flat neovascularisation may progress to
partial or total tractional retinal detachment (TRD) within a
few days [1].

The characteristic clinical presentation may not always
be present, and variations in the morphological features do
exist. APROP may develop in bigger babies (defined by
BW greater than 1000 g [25] or 1500 g [43] and/or gesta-
tional age greater than 28 weeks [25]) as well. The vascu-
larization may not be restricted to zone I or posterior zone
II. Sometimes it may be limited to the area of optic disc or
may even reach up to the nasal ora serrata in the form of
large vascular loops. The vascularization is not always flat
and may have components of the ridge tissue at or behind
the junction of the vascular and avascular retina. The

current ICROP classification does not mention about these
features [1].

APROP in bigger babies

Unblended oxygen therapy results in hyperoxia and resul-
tant obliteration of retinal capillaries and large vessels in
preterm infants [25, 43]. This is believed to cause APROP
in bigger preterm babies (BW greater than 1000 g [25] or
1500 g [43] and/ or gestational age greater than 28 weeks)
[25]. Such cases often have posterior zone II disease as
compared to zone I disease in extremely premature infants
[27, 43]. They often have mature central vessels (Supple-
mentary Fig. 1). The nasal retina is apparently vascularised
for a considerable distance with large vascular loops and
enclosed capillary non-perfusion areas [43]. The fibrovas-
cular tissue (FVT) is not as relentless as that seen in typical
APROP cases [43].

Small zone I APROP

In these cases, there is poor macular development, and
temporally a wedge-shaped avascular area distal to the
fovea known as “temporal notch” can be seen [19].
Sometimes the retinal vascularization may be entirely short
of the macular area and is termed as “posterior zone I dis-
ease” (Supplementary Fig. 2) [44].

Recently an atypical and severe type of ROP has been
described by Tadashi et al. wherein the fibrovascular pro-
liferation arises directly from the optic disc rather than the
flat or brush-fire like neovascularisation seen at the junction
of the avascular and vascular retina in APROP [45]. These
patients had extreme prematurity (GA 24–25 weeks and
BW < 1000 g). The features of this disease are similar to
those seen in oxygen-induced retinopathy in animal models
except that in the induced retinopathy, retinal detachment
somehow does not occur despite neovascularization [46]. It
is hypothesized that vaso-obliteration occurs in all retinal
vessels except those at the optic disc from which abnormal
proliferation occurs later. The prognosis remains dismal in
such cases despite multimodal treatment with laser, intra-
vitreal anti-VEGF injection and vitrectomy due to
extensive retinal ischaemia and rapidly progressive retinal
traction [45].

Hybrid APROP

When the eye develops both the ridge tissue (a feature of
classical ROP) and flat neovascularization (a feature of
APROP) then such a presentation is termed as hybrid ROP
(Supplementary Fig. 3a) [47]. It is challenging to char-
acterize them by ICROP. The general four-lobe topography
of APROP is not seen due to considerable vascularization in

Fig. 1 Fundus imaging of zone I APROP. The colour fundus pho-
tograph shows prominent dilation of retinal veins and tortuosity of
retinal arteries at the posterior pole, vascularization till zone I with
indistinct margins (white arrows), and vascular shunting loops (white
stars).
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the nasal retina. Majority of the cases have posterior zone II
disease. Usually it starts with flat neovascularization but as
it reaches zone II, a ridge starts developing in the vascular
area adjacent to the flat neovascularization, generally in the
nasal retina [47]. The BW and GA of babies with hybrid
ROP is usually higher (mean 1380 g and 29.6 weeks) [47].

Sanghi et al. first reported this entity in around one-fifth
of their APROP cases [47]. Different patterns may occur
depending upon the arrangement of avascular retina and
ridge tissue: type 1 pattern with the ridge at the junction
(most common and favourable), type 2 pattern with ridge
posterior to the junction in vascularised retina (less common
but also favourable), and type 3 pattern with a mat-like
fibrovascular proliferation and poorly defined ridge close to
the optic disc (least common and unfavourable) [47]. The
type 1 and 2 patterns behave more like classical staged ROP
with complete regression after laser treatment. Type 3 pat-
tern often develops stage 4 ROP despite adequate laser
photocoagulation due to its more posterior location and
extensive flat neovascularisation.

Another type of hybrid APROP has been described by
Flynn et al. with normal and abnormal temporal vessels
demarcated by the horizontal meridian [19]. In the ordinary
course of retinal vascular development, the major retinal
arcades form during the initial vasculogenesis phase which
is followed by the late angiogenesis phase with further
vessel development from the existing vasculature. Flynn
et al. proposed that there occurs an overlap between the two
phases and it is this overlapping period when an insult leads
to disrupted vasculogenesis (flat new vessels) and disrupted
angiogenesis (ridge tissue development) together leading to
a hybrid picture of disease [19].

Role of fundus fluorescein angiography

Fundus fluorescein angiography (FFA) is a useful investi-
gative modality which helps in diagnosis and appropriate
management of APROP [48–50]. APROP presentation is
very atypical with an indistinct vascular–avascular junction,
large vascular shunting loops enclosing capillary non-
perfusion areas and flat neovascularization along the retina,
which may not be visible otherwise.

The most significant advantage of FFA over colour
fundus imaging is a better delineation of the capillary non-
perfusion areas within the vascular loops (Supplementary
Fig. 3b) [49, 50]. The capillary non-perfusion areas are
often multiple, isolated islands of hypoperfusion surrounded
by the retinal vasculature. FFA guided laser treatment
allows a more complete treatment of the avascular retina in
a single sitting in such cases.

Certain other FFA features have also been described in
APROP (Supplementary Fig. 4) [49, 50]. The apparently

quiet junction on clinical examination may have angio-
graphic evidence of neovascularization which leaks fluor-
escein profusely. The popcorn lesions present posterior to
the junction are better appreciated on FFA as hyper-
fluorescent lesions. Anomalous vessel branching may be
seen near the junction at various levels—large arterioles,
small arterioles, and at pre-capillary level. However, these
do not leak, unlike neovascularisation. Another feature of
the junction that is better appreciated on FFA is the pre-
sence of circumferential intraretinal shunt vessels.

Clinically hypoplastic/absent macular vessels appear as
an area of macular hypoperfusion on FFA. FFA also allows
monitoring of the change in the size of capillary non-
perfusion areas [51] and development of macular vascu-
larization following intravitreal anti-VEGF treatment [49].

Management

The identification of flat neovascularization in the presence
of poorly dilating pupil and featureless junction remains a
difficult task which may lead to delay in the diagnosis and
treatment of APROP. The treatment options for APROP
include laser photocoagulation, intravitreal anti-VEGF
injection, vitrectomy, and a multipronged combination of
these individual options. Once used to treat acute threshold
ROP, cryotherapy gave way to laser treatment in 1990s due
to its adverse effects and better long-term safety and effi-
cacy of laser [52]. Cryotherapy is no longer used for the
treatment of ROP.

Laser photocoagulation

The retinal laser acts by destroying the cellular retinal ele-
ments producing VEGF. Although laser photocoagulation
has long been performed in APROP eyes, there are no
standard guidelines regarding the timing, pattern, and
follow-up of the cases (Table 2) [22, 26, 27, 48, 53–57].
The 810 nm diode laser was commonly used previously, but
currently, 532 nm green laser is preferably used with no
comparative studies between the two in APROP.

The laser procedure involves near-confluent treatment of
the entire avascular retina anterior to the vascular retina till
the ora serrata. Since the junction between the vascular and
avascular retina is featureless and often not picked up, the
posterior extent of the laser is often variable in different
studies. The variations in the standard laser procedure
include laser in the posterior tongue-shaped extensions of
the avascular retina temporally [26, 53, 55], laser in the
avascular loops in the clinically vascularized retina (Fig. 2)
[26, 48, 56], and laser over the flat neovascular fronds
[54, 55]. The posteriorly pointing temporal tongues of the
avascular retina or “temporal notch” are often not
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treated fully due to the fear of spread of the laser reaction
posteriorly towards the macula. However, Pandya et al. did
not report posterior creep phenomenon in six APROP cases
treated with laser [57]. Instead these eyes had an anterior
displacement of the laser scars over time due to possible
transverse retinal growth [57]. Another problem faced
during laser treatment is difficult visualization and disrupted
laser penetration due to the presence of TVL.

Vinekar et al. compared the standard treatment involving
the neovascular fronds in 48 eyes with APROP in one vs.
two sittings [55]. In group 1 where the complete laser was
performed in a single sitting, regression with primary
treatment was noted in 79.3% eyes, and the rest were
retreated. In group 2, the neovascular fronds were not tar-
geted primarily, and the exposed areas were treated in the
second sitting in all eyes. Retreatment was required in 24%
of the eyes in group 2. The two-stage laser procedure pro-
duced fewer and smaller retinal haemorrhages and no
fibrosis at the area of apparent demarcation as compared to
the single staged procedure [55]. Similar to the two-stage
procedure, based on the retrospective review of digital
fundus imaging, the Photographic Screening for Retino-
pathy of Prematurity study group also suggested a close
follow-up at 7–10 days following laser to identify and treat
previously avascular areas hidden by extensive flat neo-
vascularization [55, 58].

Since the VEGF load is very high in the vitreous cavity
in APROP cases, the laser treatment may often not lead to
complete regression of the disease. Following laser treat-
ment, the regression of neovascularization takes 2–3 weeks.
The existing VEGF in the vitreous cavity and new VEGF
expression from the vitreal macrophages may lead to pro-
gression of ROP till the effect of laser starts [59]. The
retreatment rates with laser monotherapy in APROP vary
between 11 and 33.3% [22, 26, 27, 48, 53, 54, 56]. The
retreatment, when performed is often required within
7–10 days.

Anatomical outcomes

A favourable outcome in the form of complete disease
regression with laser monotherapy ranges from 50–100%
with most of the studies reporting it to be between 70 and
85% [22, 26, 27, 53]. This is less than the laser treatment
success rates of above 90% in type 1 ROP cases [60, 61].
The progression of APROP can occur despite laser treat-
ment leading to unfavourable outcomes such as peripheral
TRD (stage 4a) and rarely stage 4b/stage 5/falciform fold
formation. Macular drag/ectopia may also develop [1].
Sanghi et al. studied the risk factors for unfavourable out-
comes despite laser treatment in APROP and found GA <
29 weeks, presence of retinal haemorrhages, posterior zone
I disease, extensive fibrovascular proliferation (>3 clock
hours), need for multiple laser treatment, and development
of new fibrovascular proliferation following laser to be
significant factors for development of retinal detachment
[53]. The more posterior the junction is, the less is the
chance of favourable outcome. In the study by Sanghi et al.
from North India, the rates of a favourable outcome with
laser were 98%, 68%, and 0% for posterior zone II disease,
anterior zone I disease (vessels anterior to fovea), and
posterior zone I disease (vessels not reaching fovea),
respectively [53].

Limitations

Severe constriction of the visual field and induction of
myopic refractive error are the common occurrences while
late angle-closure glaucoma and cataract development are
rare adverse effects of laser treatment in APROP [1, 62, 63].
Extensive confluent laser treatment may cause necrosis of
the treated retina and resultant vitreous and anterior segment
inflammation. Altered anterior segment development fol-
lowing extensive laser in APROP cases is responsible for
the development of high myopia [64].

Fig. 2 Fundus images of a case of posterior zone II APROP treated
with laser monotherapy. A The fundus image shows prominent
arteriolar tortuosity, venous dilation, flat neovascularization at the
junction of vascular–avascular retina inferotemporally and large

vascular shunting loops temporal to the macula. B Three weeks after
near-confluent laser photocoagulation of the entire avascular retina
including vascular loops, the vessel tortuosity and dilation has sig-
nificantly reduced, and the flat neovascularization has regressed.
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Anti-VEGF treatment

VEGF plays a vital role in the pathogenesis of APROP, and
VEGF inhibition is an alternative treatment to laser photo-
coagulation. While laser treatment aims to prevent further
VEGF release, the existing VEGF can only be targeted with
anti-VEGF therapy. Anti-VEGF drugs also target the VEGF
expressed from the vitreal macrophages [19, 59]. Anti-
VEGF treatment permits the peripheral growth of the retinal
vessels and thereby avoids the extensive visual field loss
observed with laser monotherapy [65–67].

The initial reports by Mintz-Hittner et al. [68] and Tra-
vassos et al. [69] highlighted disease regression with no
untoward consequences in cases of APROP treated with
intravitreal Bevacizumab (BCZ). The efficacy of anti-VEGF
agents was later proved in BEAT-ROP trial in zone I dis-
ease [70]. Further studies on anti-VEGF therapy in APROP
have shed light on the treatment outcomes of this disease
(Table 3). There have been numerous reports/series of the
use of anti-VEGF therapy in APROP as primary mono-
therapy, as a combination with laser, as rescue therapy after
laser treatment failure, or as an adjunctive agent before
vitrectomy [49, 65–67, 71–76]. Till date, the use of BCZ for
intraocular purposes remains off-label.

Drug and dosage

To date, the Food and Drug Administration, United States
has not approved any anti-VEGF agent for the treatment of
ROP. The choice of agent in reviewed studies remains BCZ
commonly and Ranibizumab (RBZ) less frequently.
Although some studies have reported a similar effect of
these two drugs in classical ROP with type 1 disease [77],
some have reported longer VEGF suppression and less
reactivation with BCZ in type 1 ROP [78]. There is no
head-on comparative trial of these drugs in APROP. Afli-
bercept (AFL) has also been used for treatment-requiring
ROP and has been reported to have the advantage of less
frequent and more delayed recurrences than other anti-
VEGF agents, but there are no studies reporting outcomes
with intravitreal AFL separately in APROP [79, 80].

BCZ is commonly used off-label in a dosage of 0.625 mg
(half the adult dosage) as recommended by the BEAT-ROP
study [70]. Recent research has shown that the vitreous
cavity size-adjusted dose of BCZ in neonates should be 0.4
mg [81]. Also, the classical type 1 ROP has been shown to
regress with even lower doses of 0.16 mg and 0.031 mg
of BCZ [82, 83]. Isolated reports of successful treatment of
APROP with 0.16 mg or 0.375 mg of BCZ exist [71, 84].
While the use of lower dosage may need additional treat-
ments for early failure of treatment/late recurrence of dis-
ease; larger dosage may cause vascular arrest and thereby
increase the need for longer follow-up [66]. In a drug dose

de-escalation study, Wallace et al. reported that with low
dose BCZ, the anatomical outcomes may be good but often
additional treatment is required [85]. Dikci et al. did a
comparative trial of two doses of BCZ (0.625 and 0.5 mg)
and found that although primary regression of disease was
same between the two groups, late reactivation occurred in
50% of the cases with the lower dosage [66]. Similar to
BCZ, RBZ is often used in the dose of 0.25–0.3 mg and
AFL in the dose of 1 mg (half the adult dosages).

The timing of intravitreal injection is of prime impor-
tance [86]. If injected early in the course of the disease
(phase 1 of disease), it may delay the normal retinal vas-
cularization. If delayed (beyond phase 2 of disease), the
interplay of VEGF and other fibrotic growth factors
(transforming growth factor and connective tissue growth
factor) gets unbalanced and acute fibrosis, and tractional
detachment occurs (Crunch phenomenon) [76, 87].

The effect of an intravitreal anti-VEGF drug appears
within 24 hours of the injection with regression of TVL,
decrease in iris engorgement, better pupillary dilation, and
decrease in the vitreous haze, venous dilation and arterial
tortuosity (Fig. 3) [69]. The vascular changes (better
visualized on FFA) occur in three phases: an initial phase of
rapid quietening (within 1 week), the second phase of slow
vascularization (over 1–10 weeks), and the last phase of
regression (between 10 and 16 weeks) in which features of
classical ROP such as demarcation ridge develop [88]. The
non-perfusion areas within the vascular loops gradually
shrink with capillary refill and eventually resolve in
5–6 weeks [48, 50].

The regression rates with a single injection in APROP
ranges from 62.5% to 100% [49, 65–67, 71–75]. However,
the failure of regression and disease reactivation are two
significant limitations of anti-VEGF monotherapy, and
these require retreatment. The retreatment rates vary from
7.8% to 75% [49, 67, 72–76]. Nicoara et al. [73] and Lorenz
et al. [49] reported early failure in 26.16% (n= 11/52) and
37.5% (n= 3/8) eyes which had to be treated within
7–10 days with repeat injection and laser, respectively.

Reactivation occurs once the effect of anti-VEGF drug
present in the vitreous cavity wanes off. Reactivation
commonly occurs between 40 and 52 weeks post-
conceptional age, i.e., between 2 and 10 weeks post injec-
tion [49, 65, 67, 72, 74, 75]. As compared to the classical
type 1 ROP, APROP eyes have a five-fold increased risk of
recurrence [74]. While the recurrence rates with BCZ vary
between 30% and 40% [49, 66, 74, 89], Huang et al.
reported a high recurrence rate (46.9%) in eyes with
APROP treated with 0.25 mg RBZ monotherapy [90]. The
risk factors for recurrence include lower BW and the pre-
sence of retinal haemorrhages [76]. The recurrence in
APROP often occurs only at the advancing edge, unlike
classical ROP where it involves both the advancing edge

Aggressive posterior retinopathy of prematurity: a review on current understanding 1147



Ta
bl
e
3
R
ev
ie
w

of
lit
er
at
ur
e
on

an
ti-
va
sc
ul
ar

en
do

th
el
ia
l
gr
ow

th
fa
ct
or

tr
ea
tm

en
t
of

ag
gr
es
si
ve

po
st
er
io
r
re
tin

op
at
hy

of
pr
em

at
ur
ity

.

A
ut
ho

r,
ye
ar

N
um

be
r

of
ey
es
/

in
fa
nt
s

M
ea
n
B
W

(g
)
M
ea
n

G
A

(w
ee
ks
)

A
nt
i-
V
E
G
F

ty
pe

an
d
do

se
P
M
A

at
In
je
ct
io
n

(w
ee
ks
)

P
ri
m
ar
y

su
cc
es
s
w
ith

in
je
ct
io
n
al
on

e

R
et
re
at
m
en
t,

m
ea
n
tim

in
g

R
ea
so
n
fo
r

re
tr
ea
tm

en
t

M
ea
n

fo
llo

w
-u
p-

P
M
A

F
in
al

ou
tc
om

e
U
nf
av
ou

ra
bl
e

ou
tc
om

e

H
ar
de
r,
20

11
[7
1]

8/
4

64
2

26
.5

B
C
Z
0.
37

5
m
g

35
.7
5

10
0%

re
gr
es
se
d

N
on

e
–

66
w
ee
ks

10
0%

re
gr
es
se
d

N
on

e

P
ar
k,

20
14

[7
2]

6/
3

17
47

31
B
C
Z
0.
62

5
m
g:

2
ey
es
,
R
B
Z

0.
3
m
g:
4
ey
es

32
,
35

,
35

10
0%

re
gr
es
se
d

4
ey
es
,

2
ey
es
:
B
C
Z
,

40
w
ks

P
M
A

2
ey
es
:
L
P
,
43

w
ks

P
M
A

R
ea
ct
iv
at
io
n

56
.7

w
ee
ks

F
ar

pe
ri
ph

er
al

re
tin

a
no

t
fu
lly

va
sc
ul
ar

–

Y
et
ik
,
20

14
[6
7]

62
/3
1

–
27

.7
B
C
Z
0.
62

5
m
g

34
92

,
96

.8
,
10

0%
su
cc
es
s
(1
st
/

2n
d/
3r
d
in
j)

5
ey
es
,
1.
2
w
ks

2n
d
B
C
Z
≫
2

ey
es
,
2.
5
w
ks

3r
d
B
C
Z

In
ad
eq
ua
te

re
gr
es
si
on

(2
nd

in
j)
,
re
ac
tiv

at
io
n

(3
rd

in
j)

92
.5

w
ee
ks

10
0%

co
m
pl
et
e

va
sc
ul
ar
iz
at
io
n

–

N
ic
oa
ra

20
15

[7
3]

52
/2
6

12
18

28
.9

B
C
Z
0.
62

5
m
g

35
.2

41
ey
es

(7
8.
84

%
)

re
gr
es
se
d

11
ey
es

(2
1.
16

%
),
L
P

7–
10

da
ys

F
ai
lu
re

to
re
gr
es
s

60
w
ee
ks

50
ey
es

(9
6.
2%

)
re
gr
es
se
d

S
ta
ge

5
in

2
ey
es

M
in
tz
-

H
itt
ne
r,
20

16
[7
4]

19
/-

51
2

23
.3

B
C
Z
0.
62

5
m
g

33
.8

10
0%

re
gr
es
se
d

6
ey
es

(3
1.
6%

),
B
C
Z
P
M
A

52
.1
w
ks

R
ea
ct
iv
at
io
n
at

ad
va
nc
in
g
ed
ge

in
zo
ne

II

65
w
ee
ks

18
ey
es

(9
4.
7%

)
re
gr
es
se
d

S
ta
ge

4a
in

1
ey
e

L
i,
20

16
[7
5]

32
/
16

:
Z
j
I-
22

Z
II
-
10

13
36

29
.1

R
B
Z
0.
3
m
g

35
.7

10
0%

re
gr
es
se
d

7
ey
es

(2
1.
88

%
)

2–
8
w
ee
k,

L
P

R
ea
ct
iv
at
io
n
in

zo
ne

I
A
t
le
as
t

6
m
on

th
s

af
te
r

tr
ea
tm

en
t

10
0%

re
gr
es
se
d

N
on

e

L
or
en
z,
20

17
[4
9]

8/
5

58
1

23
B
C
Z
0.
31

2
m
g

34
.2

5
ey
es

(6
2.
5%

)
re
gr
es
se
d

6
ey
es

(7
5%

)
3
(3
7.
5%

):
B
C
Z
,
10

da
ys

3
(3
7.
5%

):
L
P
,
10

w
ks

E
ar
ly

fa
ilu

re
:
3;

R
ea
ct
iv
at
io
n:

3
–

10
0%

re
gr
es
se
d

N
on

e

S
uk

ge
n,

20
17

[6
5]

26
/1
3

11
14

28
R
B
Z
0.
25

m
g

35
.4

10
0%

re
gr
es
se
d

2
ey
es

(P
M
A

42
w
ks
)

1
L
P

1
R
B
Z

R
ea
ct
iv
at
io
n
in

7
ey
es
,
2
re
tr
ea
tm

en
t

–
10

0%
re
gr
es
se
d,

va
sc
ul
ar
iz
at
io
n

co
m
pl
et
e
in

24
ey
es

N
on

e

D
ik
ci
,
20

18
[6
6]

15
/
8

5/
3:

G
p1

10
/

5
G
p2

83
5,

72
4

26
,2
5.
2

B
C
Z

G
p1

:
0.
62

5
m
g

G
p2

:
0.
5
m
g

32
–
33

10
0%

re
gr
es
se
d

5
ey
es

(G
p2

),
L
P

R
ea
ct
iv
at
io
n
in

5
ey
es

(G
p2

)
61

.5
w
ks

10
0%

re
gr
es
se
d,

va
sc
ul
ar
iz
at
io
n

co
m
pl
et
e
in

10
ey
es

N
on

e

T
on

g,
20

18
[7
6]

16
0/

83
13

40
30

R
B
Z
0.
3
m
g

36
.6

36
.2
5%

re
gr
es
se
d

29
.4
%

(4
7

ey
es
)
R
B
Z
;

20
.6
%

(3
3

ey
es
)
L
P
;

13
.7
5%

(2
2

F
ai
lu
re

to
re
gr
es
s/

re
ac
tiv

at
io
n:

63
.7
5%

17
m
on

th
s

af
te
r

tr
ea
tm

en
t

78
.1
25

%
re
gr
es
se
d

21
.8
%

de
ve
lo
pe
d
T
R
D

1148 D. Kumawat et al.



and the initial ridge [74]. FFA may show leakage at the
junction and help in picking up early recurrences. Recur-
rence may be treated with a repeat intravitreal injection [74]
or laser photocoagulation of the anterior avascular
retina [49, 65, 66, 73]. Although the plus disease gets
controlled immediately with repeat injection, the retinal
revascularization may proceed minimally after anti-VEGF
retreatment [74]. The number of times an anti-VEGF agent
may be used is not known. The systemic safety should be
kept in mind before repeating intravitreal anti-VEGF
injection.

Anatomical outcomes

With retreatment, a final favourable result is achieved in
78% to 100% of eyes (Table 2). Advanced ROP (stage 4 or
rarely stage 5) develops in a minority of the cases [73, 74].
The risk factors for progression of the disease to TRD
despite treatment include a higher post-conceptional age at
treatment and low neutrophil count [76]. The neutrophils
play an anti-angiogenic role by virtue of the production of
Angiostatin which in turn inhibits the action of VEGF [91].
A low neutrophil count may, therefore, allow uncontrolled
vascular proliferation and disease progression. Vascular
arrest, i.e., the retinal periphery is not completely vascu-
larized, and the vascularization stops growing further, is not
an uncommon event post-anti-VEGF treatment [65, 66, 72].
The amount of retinal revascularization following anti-
VEGF therapy is variably reported. Perente et al. recently
reported that following a single intravitreal BCZ injection
for APROP, FFA at 90–100 weeks post gestation showed
vascularization in zone III in three-fourth of the cases, while
the rest still had vascular arrest in zone II [51]. While Mintz-
Hittner et al. hypothesized that the retinal vessels after anti-
VEGF treatment advance only to a certain point at which
the vascular precursors have ceased migration in the first
place and therefore, the vascular arrest sets in [70], there is
enough recent literature reporting complete vascularization
with anti-VEGF monotherapy in cases of APROP [65–67].
RetCam assisted FFA may be useful for further treatment of
cases with vascular arrest as it is superior to indirect oph-
thalmoscopy in determining the vascularization end limit,
persistent capillary non-perfusion areas, and abnormal
vascular shunts and leakage [51].

Limitations

The anti-VEGF treatment has its flaws. The possible
adverse effects include systemic thromboembolic events,
prolonged systemic VEGF suppression, impairment
of systemic angiogenesis and organogenesis, intraocular
inflammation, cataract, retinal vascular arrest, and worsen-
ing of the retinal detachment (Crunch phenomenon)Ta
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[92–96]. VEGF is essential for the normal ongoing orga-
nogenesis in the lungs, brain, and kidney of the growing
child [97]. The suppression of systemic VEGF due to sys-
temic absorption of the intraocular anti-VEGF drug may
thus have untoward neuro-developmental outcomes in the
long run [98]. Some research networks have shown that
preterm infants treated with anti-VEGF therapy especially
BCZ as compared to laser treatment have higher likelihood
of neuro-developmental disabilities [99, 100]. However,
other studies report no difference in infant neurodevelop-
ment with anti-VEGF therapy as compared to observation
or laser treatment [101–103]. Injection procedure-related
complications of anti-VEGF injection include lenticular
injury, vitreous haemorrhage, and endophthalmitis
[92, 95, 96, 104]. Since majority of the injection procedures
are performed under topical anaesthesia in NICU settings,
the risk of infection and lenticular injury in an awake and
moving infant remains a concern.

Combined treatment

The combination treatment can be either simultaneous or
sequential. The anti-VEGF agent provides immediate
resolution of the TVL and ‘plus’ disease (as early as day
one after injection), while laser treatment helps in complete
regression of the new vessels and takes care of the avascular
anterior retina permanently [14, 105, 106]. Wutthiwor-
awong et al. did a retrospective study of 23 zone I APROP
eyes treated with near-confluent diode laser photocoagula-
tion in the avascular retina immediately followed by intra-
vitreal BCZ 0.5 mg injection [14]. The mean PMA at
treatment was 35.83 weeks (32–43 weeks). The pro-
liferative disease regressed completely by a mean duration
of 4.9 weeks in all the eyes. Only two eyes had disc-macular
drag. The aggressive combination treatment prevented
progression to advanced ROP in all eyes. The combination
treatment takes care of certain factors that preclude a

thorough laser treatment such as the presence of TVL,
pupillary rigidity, and vitreous haemorrhage [107].

Another type of combination therapy is sequential or
rescue treatment. The rescue treatment is often governed by
the primary treatment and is often a modality different from
the primary treatment, i.e., laser for babies primarily treated
with an anti-VEGF injection and anti-VEGF injection for
babies with disease progression despite adequate laser.
Spandau et al. retrospectively reviewed records of 16 zone I
APROP eyes of eight infants treated with different
approaches (mean PMA at treatment was 34 weeks): laser
alone (two eyes), laser followed by anti-VEGF salvage for
lack of regression (four eyes) and anti-VEGF treatment
(eight eyes) followed if required with additional laser if
disease continued to progress (4 eyes) [108]. The disease
regressed in all eyes and macular drag developed in only
one eye treated with laser alone [108].

Intravitreal anti-VEGF can be an effective treatment for
laser failure in APROP eyes such as those with increasing
vascularity and those developing vitreoretinal traction fol-
lowing laser [86, 107]. Kara et al. studied seven eyes of four
infants with zone I/posterior zone II APROP who had laser
treatment failure and were retreated with intravitreal BCZ
0.625 mg injection [86]. The disease regressed in five eyes
of three infants (within a week) but both eyes of an infant
with zone I APROP progressed to stage 4a requiring
vitrectomy. There were no complications noted till
6 months follow-up.

Intravitreal RBZ may be considered as the primary
treatment of APROP associated with vitreous haemorrhage
followed closely by laser treatment once the media clarity
permits [107, 109]. Xu et al. reported the efficacy of anti-
VEGF treatment in 37 eyes of 20 infants with APROP who
had associated vitreous haemorrhage. RBZ (0.25 mg) was
used which led to rapid resorption of the vitreous haemor-
rhage [109]. This was followed by laser photocoagulation at
a mean follow-up of 4.8 weeks after RBZ injection. Second

Fig. 3 Fundus images of a case of posterior zone II APROP treated
with intravitreal Ranibizumab injection (0.25 mg). A The fundus
image shows prominent arteriolar tortuosity, venous dilation, indistinct
junction temporal to the macula (black arrowheads), and vascular

shunting loops at the junction supero-temporally. B Four weeks post
injection, the vessel tortuosity and dilation has significantly reduced,
and normal vascularization has progressed anteriorly (black
arrowheads).
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laser treatment was required in ten eyes. With this approach,
all eyes had disease regression with mild macular drag only
in three eyes, and none of the eyes developed advanced-
stage ROP. Garcia Gonzalez et al. reported the efficacy of
FFA guided laser treatment in cases of reactivation of dis-
ease after intravitreal BCZ treatment for 16 eyes of 8 infants
with APROP [110]. Reactivation was noted in 50% of the
eyes for which laser was performed in the avascular anterior
retina. The disease regressed finally in all eyes.

Limitations

Combination treatment also has its shortcomings. Rescue
anti-VEGF treatment especially if delayed may acutely
worsen the TRD [87, 107]. This occurs due to rapid neo-
vascular tissue involution and cortical vitreous contraction.
It is also believed that the rescue anti-VEGF therapy might
have systemic side effects due to increased systemic
absorption of the anti-VEGF agent from the inflamed
ablated retina [105, 111]. Also, this may allow a greater
washout/escape of the anti-VEGF drug from the eye and
hence a higher risk for recurrences [74].

Comparison of laser and anti-VEGF treatment

There are a couple of studies that have performed a com-
parison between the laser and anti-VEGF therapy in
APROP exclusively but all are retrospective in design
[27, 56, 112].

Gunay et al. did a retrospective study comparing intra-
vitreal BCZ 0.625 mg injection (48 eyes of 25 infants) with
801 nm diode laser photocoagulation (30 eyes of 15 infants)
in zone I/posterior zone II APROP [56]. Although all eyes
undergoing anti-VEGF therapy had initial disease regres-
sion, reactivation was noted in six eyes of three infants at a
mean PMA of 39.6 weeks, which required repeat injection
of intravitreal BCZ. In the laser treatment group, four eyes
needed repeat laser at 1 week and two eyes developed stage
4A ROP, which remained stable till the last follow-up.
Myopic refractive error was significantly higher in the laser
treatment group (−6.66 ± 4.96 D) vs. anti-VEGF treatment
group (0.42 ± 3.42 D) at 2 years (P= 0.001). Also, ani-
sometropia and strabismus occurred significantly greater in
the laser treatment group.

Nicoara et al. performed a retrospective study that included
12 eyes of 6 infants with APROP who underwent laser
photocoagulation (followed up till 60 weeks post treatment)
and 34 eyes of 17 infants with APROP who were treated with
intravitreal BCZ 0.625mg (followed up till 80 weeks post
treatment) [27]. In the laser group, disease regression with one
laser sitting was achieved in nine eyes (75%). Two of these
three eyes in which laser retreatment was performed regressed
further. In the intravitreal BCZ injection group, the disease

regressed in 29 eyes (85.29%) and failed to regress in 5 eyes
(14.71%) with a single injection. Three of these five eyes
could be salvaged with laser retreatment. No late recurrences
were noted until the last follow-up.

Shah et al. recently performed a historically controlled
cohort study in South India comparing laser photo-
coagulation (performed in 168 eyes of 84 infants during the
period 2002-2010) to anti-VEGF therapy (performed in 230
eyes of 115 infants during the period 2010–2018) for
treatment of APROP [112]. The incidence of retinal
detachment was 10% in the laser treatment cohort as
compared to 1% in anti-VEGF cohort. Despite the babies
being more preterm, with lower BW and having more
oxygen exposure in the anti-VEGF cohort, the anti-VEGF
treatment seemed to have better anatomical outcomes than
laser. However, there could have been temporal difference
in disease characteristics and management that may have
biased the results. Also, the anti-VEGF cohort had addi-
tional laser treatment for disease recurrence in 21.4%
infants and therefore the RD incidence data does not
depict a true comparison of the laser vs. anti-VEGF
monotherapy [112].

Surgery

Vitrectomy is required in cases of APROP with TRD and
vitreous haemorrhage. Vitrectomy has multiple possible
mechanisms by which it helps in the management: removal
of the vitreous framework responsible for traction, removal
of the vitreous gel which acts as a sink for VEGF,
clearing–off the vitreous haemorrhage and prevention of the
vascular re-proliferation by removing the traction and its
consequent trophic effect on the new vessels [23, 113].

A greater area of avascular retina in zone I/posterior zone
II disease leads to high VEGF load in the vitreous cavity.
This, in turn, causes extensive fibrovascular proliferation at
the junction. Also, the neovascular fronds are often close to
the arcades and threaten the macula. If not treated aggres-
sively in time, such cases progress to stage 4/5 disease. The
results of vitrectomy in APROP cases have often been
reported to be poor (Table 4) [23, 114, 115].

Surgical debulking of the vitreous and the extent of
anterior growth of the FVT towards the vitreous base may
be the deciding factor for the anatomical outcome
[23, 114, 116, 117]. Azuma et al. did a retrospective study
of 22 eyes of 15 infants who developed TRD despite timely
laser treatment and underwent either lens-sparing vitrect-
omy (LSV, 6 eyes) or lensectomy vitrectomy (LV, 16 eyes)
[23]. The surgery in LSV group was limited to core
vitrectomy, and therefore the FVT continued to grow along
the anterior vitreous skirt and led to progression to stage 5
disease. The LV group had thorough vitreous removal and
may have therefore led to TRD regression in all eyes.
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Nishina et al. also reported 100% TRD regression with early
LV in 11 eyes of 7 infants with APROP with stage 4 disease
[117]. This highlights the importance of prompt and thor-
ough removal of vitreous around the FVT in TRD asso-
ciated with APROP. In the largest of the series of 103 eyes
with APROP associated TRD, Azuma et al. reported that
when an early surgery is performed before the FVT grows
into the vitreous base, the chance of regression of disease
remains high [114]. While if the FVT grows into the vitr-
eous base, then the anatomical and visual outcome remains
poor [114].

Another category of cases, where surgical success is
limited, are the cases with severe recurrent fibrovascular
proliferation despite combined anti-VEGF and laser treat-
ment [118]. It is possible that excess anti-VEGF suppres-
sion in the immature retina not only causes widespread
capillary bed loss but also mal-development of retinal
vessels in the form of aneurysms and loops [118]. This
leads to persistent retinal ischaemia and severe recurrence of
fibrovascular proliferation which may not have a favourable
anatomical outcome with vitrectomy as well.

Peripapillary TRDs are a surgical dilemma since the
retina along the arcades is pulled up towards the disc with
tightly adherent hyaloid and extensive avascular peripheral
retina [119]. Careful dissection of the hyaloid with 25G/
27G instruments may open up the contracted retina
without iatrogenic retinal breaks [119]. With retinal reat-
tachment, the vascular development may progress and the
attached tissues may perfuse and provide some functional
vision.

The limitations of vitrectomy in APROP include post-
operative vitreous cavity bleed, recurrence of disease, and
rebleed [23, 115]. The extensive FVT if vigorously
manipulated and not aggressively treated with diathermy,
may have post-operative vitreous cavity bleed. Azuma et al.
reported post-operative bleed in 100% cases undergoing
LV, but the bleed was slight and resolved spontaneously
within 2–3 weeks in all eyes [23]. However, persistent
preretinal bleed may be detrimental. It acts as a source of
fibrotic growth factors which may cause fibrosis within the
residual cortical vitreous and lead to failure of reattachment
or new-onset re-detachment. Rebleed may occur if the FVT
fails to regress or new FVT develops because of persistent
avascular retinal areas which continue to produce VEGF.
Yokoi et al. studied the risk factors for recurrence of FVT
after early LV in 43 eyes with APROP related TRD where
the FVT had not grown initially into the vitreous base area
[115]. The recurrence rate was 18% for the FVT, which
developed between 2 and 8 weeks after surgery and led to
irregular TRD between the disc and the FVT. On multi-
variate analysis, a thorough laser to the avascular retina and
vascular loops preoperatively was the only factor sig-
nificantly preventing recurrence of the disease.

Lensectomy may not be required in early cases without
extensive TRD [22, 116]. With 20G LSV, Micelli et al.
reported 100% regression rates and no complications.
Similarly, Drenser et al. performed LSV in eight eyes with
APROP with stage 4A/4B ROP and achieved 100% retinal
reattachment [22]. Since in early cases, the FVT and the
TRD are posterior to the equator, lens removal may not be
required.

Apart from the operational difficulties involved in
vitrectomy in small eyes of neonates with florid retinal
neovascularization, there also exist general anaesthesia risks
in such premature babies [120, 121]. Premature infants
cannot tolerate repeated and long general anaesthesia ses-
sions [121]; thus surgical intervention may have to be
performed preferably in a single sitting in both eyes and
completed within a shorter duration [122].

Long-term visual and refractive outcomes

The visual outcome depends upon the morphology of the
macula. Besides anatomical attachment of the macula, the
macular vascular development remains a prime factor. As
compared to non-APROP cases, the visual outcomes in
APROP cases are often poor.

Refractive errors commonly occur in ROP and more so
after laser treatment [54, 123]. The most common refractive
error noted after laser treatment of zone I APROP is
astigmatism (with-the–rule more often than against-the-
rule), which develops in around 90% of the treated cases
[123]. The mean spherical equivalent and average astig-
matism reach as high as −6 dioptres (D) and −2D,
respectively [123]. Shah et al. reported a best-corrected
Snellen visual acuity >20/40 at a mean follow-up of 6.9
years in around 80% of the laser treated zone I APROP
cases [123]. Gunn et al. reported the development of
moderate myopia (>−3D) in 40% of APROP eyes treated
with laser [54]. The cause for poor visual outcome after
laser treatment may include disc pallor, disc-macular drag-
ging, hypoplastic macula, and development of cataract
[123].

The visual outcome following treatment of small zone I
APROP with VEGF monotherapy may be limited due to
hypoplastic macular vessels and disturbed capillary-free
zone in the macula [50]. Despite regression of the disease,
the vascular abnormalities may persist, and the macular
arcades may fail to develop [50].

The outcomes after vitrectomy in APROP not only
depend upon the preoperative stage of ROP (stage 4A or
4B) but also on the preoperative extent of the fibrovascular
proliferation [114]. If the FVT does not reach till the vitr-
eous base, then a flat macula with foveal development is
more likely to occur with resultant age-appropriate visual
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acuity [114]. The post-operative visual acuity ranges from
20/250 to 20/40 in eyes with total reattachment [114].
Central steady fixation develops in majority of the eyes with
clinical fovea formation with no macular drag [23].

Even if the anatomical outcomes are favourable, a long-
term follow-up is necessary to detect refractive errors and
associated strabismus. Late-onset rhegmatogenous retinal
detachment has been reported after uneventful regression of
APROP following laser treatment [124]. The visual reha-
bilitation may be performed with spectacles or aphakic
contact lenses in children undergoing lensectomy.
Amblyopia treatment with patching should be provided to
those with anisometropia or ametropic amblyopia.

Prevention

Following the best neonatal care practices may prevent ROP
and especially APROP [125, 126]. However, there is no
high-level evidence to support any particular intervention
aimed at reducing the risk of ROP [127]. Since APROP
cases are often premature babies with multiple co-morbid-
ities; the primary prevention will be through avoidance of
preterm birth by good antenatal practices and through the
provision of better neonatal intensive care services to pre-
vent/manage the co-morbidities [126, 128]. This is sup-
ported by the clear disparity observed in the incidence of
APROP between NICUs of tertiary care centres and the
peripheral nurseries [10, 11]. Since dysregulated oxygen
supplementation due to lack of oxygen saturation monitors
and unavailability of oxygen blenders is a significant risk
factor for APROP development [43], NICUs need to follow
stringent guidelines regarding the need for oxygen supple-
mentation, adequate levels of oxygen concentration,
required arterial oxygen saturation and the duration of
supplementation. The clinical studies are not conclusive
regarding the adequate oxygen saturation that needs to be
maintained for preterm infants requiring oxygen supple-
mentation [129]. In a meta-analysis study, Chen et al.
reported that in preterm infants during the first several
weeks after birth, low oxygen saturation (70%–96%) should
be kept to prevent hyperoxia and retinal capillaries oblit-
eration [129]. Although by maintaining lower arterial oxy-
gen saturation the risk of ROP and severe ROP decreases,
there occurs an increase in neonatal mortality [127]. During
and after 32 weeks PMA, high-oxygen saturation (94–99%)
is desirable as it prevents progression of vaso-proliferation
by mitigating the retinal ischaemia [129]. The NICU team
needs to be educated, and good clinical practices relating to
oxygen supplementation, nutrition, and management of
sepsis should be enforced [126, 128].

The secondary prevention will include a timely screening
of the at-risk infants for APROP. It may be advisable to

screen the extremely premature infants with multiple co-
morbidities a little earlier than usual (3 weeks post-natal
rather than at 4 weeks, but not before 31 weeks) depending
upon the age and timing of APROP noted in different
healthcare settings [39, 40]. The tertiary prevention aims at
avoiding progression to advanced stages of ROP (stage 4/5)
and includes prompt treatment of APROP with laser/anti-
VEGF monotherapy or combination therapy. A multi-
disciplinary approach involving the ophthalmologist, neo-
natologist and anaesthetist needs to be taken.

Future directions

APROP is a challenging disease, and it is imperative that
every NICU should have a regular ROP screening pro-
gramme to detect APROP in time. Although laser treatment
remains the gold standard treatment for type 1 ROP, anti-
VEGF agents are emerging as first-line treatment option for
APROP with definite advantages in terms of preserved
visual field and decreased myopic refractive error. With the
rapidly increasing use of anti-VEGF agents for the treat-
ment of APROP, there is a need to determine the ideal safe
dosage, frequency, and type of agent with the help of ran-
domized control trials. Newer longer acting anti-VEGF
drugs need to be explored to prevent frequent recurrences
with anti-VEGF monotherapy. Mutational analysis may
provide further understanding regarding the genetic
mechanisms for aggressive retinopathy.
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