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1Pathophysiology of ROP

Mary Elizabeth Hartnett

Keywords
Preterm � Angiogenesis � Retinopathy of prematurity (ROP) � Vasopro-
liferation � Vascular endothelial growth factor (VEGF)

Retinal Vascular Development

It is difficult to study human retinal vascular
development because vascularization occurs
before term birth, and it is difficult to obtain
quality human fetal tissue. Therefore, most
studies of retinal vascular development are from
newborn animals that vascularize their retinas
after term birth. However, there are differences
between species, and therefore it is important to
review studies that have been done in human
eyes [1, 2].

Studies in fetal human tissue provide evidence
that the initial vasculature of the retina develops
in the posterior pole covering at least the region
of zone I through the process of vasculogenesis,
or development of vessels from de novo pre-
cursors. The precursors migrate from the deep,
neuroblastic layers of the retina to the inner
surface and become angioblasts. The process
begins at about 15-week gestation [2] and con-
tinues until at least 22-week gestation, after
which insufficient human data are available.
After 22-week gestation, it is assumed that the
inner and deep retinal vascular plexi develop

through angiogenesis from existing angioblasts
or endothelial cells, based on animal models
[3, 4]. In addition, Müller cells [5, 6] and other
neurons, such as ganglion cells [7] are also
important in retinal vascular development.

In human preterm birth, retinal vascular
development is incomplete. Additional aspects of
premature birth and the stresses surrounding it
and the neonatal period, cause abnormal retinal
vascular development, manifested first as delayed
physiologic retinal vascular development, and
later with aberrant vasoproliferation into the vit-
reous instead of into the retina. These are the
refined phases of human ROP (Fig. 1.1) [8].

Term Versus Preterm Birth

To understand what goes wrong in retinopathy of
prematurity (ROP), it is helpful to review some
of the relevant and known events that occur in
normal versus preterm birth, including the roles
of oxygen and oxidative stress, and nutritional
deficiencies, which have been linked to ROP.

Oxygen

In utero, it has been estimated that oxygen to the
developing fetus is about 30–40 mm Hg, so the
ambient environment after birth is relatively
hyperoxic, particularly when supplemental
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oxygen is used for resuscitation [9]. High oxygen
at birth has been shown to cause vasoattenuation
and death to newly formed endothelial cells, [10]
creating areas of retina devoid of capillary sup-
port. Human preterm infants in the US exposed
to 100% oxygen prior to the technologic advan-
ces for monitoring and regulating oxygen,
developed retrolental fibroplasia (RLF), now
believed to be stage 5, the worst form of ROP
[11]. The appearance of a white pupil represented
a retrolental fibrovascular scar with an underly-
ing retinal detachment. What actually occurred in
the preterm infant retina prior to the development
of RLF was limited because the Schepens/
Pomerantzeff binocular indirect ophthalmoscope
and other methods to observe the peripheral
retina had not been widely adopted [12]. There-
fore, experimental approaches using newborn
animals exposed to conditions similar to what
preterm infants then experienced were analyzed.
From early experiments, it was hypothesized that
high oxygen-induced capillary loss and avascular
retina, and that removal from supplemental
oxygen to ambient air, caused the avascular
retina to become hypoxic and release angiogenic
factors that led to aberrant angiogenesis and
scarring [10]. These experiments also led to a
phased approach description of ROP: phase 1,
representing vasoobliteration, phase 2, vasopro-
liferation and phase 3, a fibrovascular phase in

human and not animal models associated with
retinal detachment [13]. When oxygen level was
reduced, RLF virtually disappeared [11], but at
too low an oxygen level there was increased risk
of cerebral palsy and death [14]. Now, countries
that lack resources for prenatal and perioperative
care and oxygen regulation report ROP and
hyperoxia-induced vasoattenuation, documented
by fluorescein angiography, in large and older
gestational aged infants than those in the US
[15]. Advancements in neonatal care and oxygen
regulation and monitoring have permitted infants
of lower birth weights and younger gestational
ages to survive. In countries implementing these
changes, ROP is seen in infants of extremely low
birth weight (<1000 g) and gestational ages (<28
wks), and the two-phase description of ROP has
been refined to be delayed physiologic retinal
vascular development with some vasoattenuation
in phase 1 and vasoproliferation in phase 2.

Oxygen Stresses and Oxidation

The mechanisms whereby high oxygen affects
newly developed capillaries and endothelial cells
are not completely understood. Although the
sensitivity of endothelial cells for oxygen lessens
with development, hyperoxia-induced endothe-
lial cell damage has still been reported in adult

Fig. 1.1 Phases of human
ROP. Drawing by James
Gilman, CRA, FOPS. From
ophthalmology, 2015
Jan;122(1):200–10,
Hartnett ME,
pathophysiology and
mechanisms of severe
retinopathy of prematurity
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mice [16]. One potential mechanism whereby
high oxygen damages endothelial cells is from
mitochondrial-generated reactive oxygen species
(ROS). In addition, other oxygen stresses,
including fluctuations in oxygenation [17] and
intermittent hypoxia [18], may lead to ROS
generated from other sources, such as the acti-
vation of NADPH oxidase, a leading generator of
ROS in endothelial cells. Also, reactive nitrogen
species from activation of endothelial nitric oxide
synthetase (eNOS) can generate nitric oxide
(NO), which under certain circumstances forms
damaging reactive nitrogen species (RNS),
including peroxynitrite [19]. Nitric oxide can be
beneficial to the preterm lungs and as an
endothelial relaxing agent, and ROS are impor-
tant in metabolism and for fighting invading
microorganisms, but too many ROS or RNS can
also cause direct tissue damage or indirect
pathology from abnormal activation of signaling
pathways. Generally, the reactive compounds are
kept in check through antioxidant enzymes or
nonenzymatic mechanisms, but the loss of bal-
ance between antioxidants and reactive species
can lead to damage. There is evidence suggesting
an imbalance occurs in preterm infants. Com-
pared to infants born full-term, premature infants
consume more glutathione (GSH), which pro-
vides a nonenzymatic oxidative reserve in red
blood cells [20]. Hypoxia in complicated births is
also believed to reduce the ability to quench
mitochondrial ROS trapping [21]. In studies
done in neonatal piglets, there is evidence that
prostaglandins, such as E2, help preserve neural
function following episodes of hypoxia, what
occurs during progressive labor, but this mech-
anism may not be sufficient in abrupt preterm
birth [22]. Also, preterm infants may be unable to
express antioxidant enzymes until later age.

In regions that regulate oxygen, fluctuations in
oxygenation have been measured in preterm
infants in association with increased risk of ROP
[17]. Fluctuations between 50 and 10% inspired
oxygen in newborn rats cause similar arterial
oxygen extremes in preterm infants and delayed
physiologic retinal vascular development in
experimental models, in part through the

generation of ROS from activated NADPH oxi-
dase [23–25] that causes endothelial cell death.
Activation of NADPH oxidase in endothelial
cells can also lead to vasoproliferation in a sim-
ilar model of oxygen fluctuations [26].

Oxygen Trials

The practicality of regulating oxygen as a treat-
ment for ROP has been tested in several multi-
center clinical trials, including the Supplemental
Therapeutic Oxygen to Prevent ROP
(STOP-ROP) study [27], Surfactant Positive
Airway Pressure Pulse Oximetry Randomized
Trial (SUPPORT), Benefits of Oxygen Saturation
Targeting Study II (BOOST II), and Canadian
Oxygen Trial (COT) [28]. STOP-ROP failed to
find a significant reduction in ROP from oxygen
saturations between 96 and 99% when delivered
for prethreshold ROP compared to 89–94%,
except in a subgroup without evidence of plus
disease [27]. Other clinical studies have reported
either increased [29, 30] or decreased risk [31, 32]
of ROP from high oxygen. The SUPPORT and
BOOST II randomized clinical trials reported that
oxygen saturation targets between 85 and 89%
compared to 91–95% saturation were associated
with increased mortality, but survivors of 85–
89% oxygen saturation had a lower incidence of
ROP. In the COT, which tested similar oxygen
saturation targets in preterm infants of the same
gestational ages, as did SUPPORT and BOOSTII,
there was no difference in ROP or mortality.
The COT was performed later in time from
infants in different regions of the world compared
to SUPPORT or BOOSTII, and also excluded
from enrollment infants with pulmonary hyper-
tension. From these studies, there does not appear
to be consensus as to appropriate and safe oxygen
saturation targets for preterm infants. The practi-
cality of safely regulating oxygen in the individ-
ual preterm infant can be difficult because the
phases of ROP are not as distinct as in experi-
mental models, and oxygen affects other organs in
the developing preterm infant [28], and ongoing
analyses from these studies are underway.

1 Pathophysiology of ROP 3



Nutrition

Much of the nutritional support to the fetus
occurs in the last trimester, such that when an
infant is born prematurely, maternal support is
lost [33]. Studies have shown the importance of
insulin-like growth factor (IGF-1) and
insulin-like growth factor binding protein 3
(IGF-1BP3) [34, 35] to infant development,
which are reduced in the preterm infant in asso-
ciation with delayed physiologic retinal vascular
development. In addition, omega-3 fatty acids,
which make up the phospholipid rich tissue in
neurons in the brain and photoreceptors in the
retina, are reduced. Studies are ongoing to
determine if recombinant human IGF-1 and
IGF-1BP3 (rhIGF-I/rhIGFBP-3) will reduce
ROP in infants. The phases in human ROP are
not as distinct as in experimental models and
there is concern that rhIGF-I/rhIGFBP-3 may be
given to an infant who is about to develop
vasoproliferative phase but who does not mani-
fest signs of it. To reduce this, attempts are in
place to increase the IGF-1/IGF-1BP3 only to
levels normally found in infants of the gesta-
tional ages. Omega-3 FAs, if effective, can
reduce both phase 1 and 2 in experimental
models [36].

Phases of ROP and Phases
of Experimental Oxygen-Induced
Retinopathy

The initial two-phase hypothesis of human ROP
described in the 1950s was based in large part on
animal models in which retinal vascularization
occurred after birth. Nonetheless, it is impossible
to experiment on human preterm infant eyes
safely and study mechanisms of human ROP;
therefore, models of oxygen-induced retinopathy
(OIR) are essential. It is important to consider the
experimental question carefully when choosing a
model or models (Fig. 1.2). The most represen-
tative model of human ROP today is the rat OIR
model [37], which varies oxygen exposure
between 50 and 10% to newborn rat pups and
has been recently adapted to study molecular

mechanisms using gene therapy techniques [6,
38–40]. Most studies have used the mouse OIR
model, which exposes day 7 animals with inner
plexus vascularization to high oxygen in order to
damage already developed capillaries [41]. The
mouse model is robust to study mechanisms of
high oxygen-induced stress through the use of
transgenic animals. The beagle OIR model uses
high oxygen but is more similar to human ROP
in that the retina continues to develop after birth.
The beagle OIR model is also useful to translate
pharmacologic interventions since the puppy eye
size is closer to the human infant than is a rodent
eye [42, 43].

Role of VEGF and Angiogenesis

Physiologic hypoxia is important in upregulating
VEGF locally to promote normal retinal vascular
development [4, 44, 45]. The parent VEGF
mRNA has splice variants that have different
biologic properties believed partly related to
whether the translated proteins are cell associ-
ated, soluble, or have both characteristics [46].
VEGF splice variants are important in develop-
ment and in aberrant angiogenesis. VEGF165 is
both cell associated and can affect other retinal
cells through soluble properties. VEGF164 (the
analog of human VEGF165) is involved in vas-
cular development in mice [47], but is upregu-
lated by repeated fluctuations in oxygenation
similar to the extremes in arterial oxygen in
preterm infants who develop severe ROP [17]. In
contrast, hypoxia alone increases the expression
of soluble VEGF120 [25]. Inhibition of the rat
VEGF164 [48] with a neutralizing antibody or by
targeted gene therapy to introduce a shRNA to
knock down VEGF164 only in Müller cells,
reduced vasoproliferation but not physiologic
retinal vascular development in the rat OIR
model [6].

VEGF binds its receptors and triggers signaling
of biochemical cascades to cause biologic events.
There are three receptors and VEGFR2 is believed
to be involved in much of the pathologic angio-
genesis, although VEGFR1 is also important.
Some studies support the idea that regulation of

4 M.E. Hartnett



VEGFR2 signaling is important in ordering
developmental angiogenesis. Over activation of
VEGFR2 disordered the cleavage planes of
dividing vascular cells causing them to take on a
disordered pattern of growth [49]. Order was
restored in experimental models with a neutraliz-
ing antibody to VEGF164 or through gene therapy
to knock down Müller cell VEGF164. The evi-
dence supports the notion that disordered
endothelial cell growth enables cells to grow
outside the plane of the retina and into the vitre-
ous, whereas restoration of physiologic, ordered
growth enables intraretinal blood vessel growth
and reduces peripheral avascular retina. Over
activation of VEGFR2 can occur by interactions
with different receptors, such as the erythropoietin
receptor (EPOR), or with other proteins including
NOX4 [23], an isoform of NADPH oxidase, most
likely through adaptor proteins. Downstream

activation of the transcription factor, signal
transducer, and activator of transcription 3
(STAT3) in endothelial cells causes vasoprolif-
eration in experimental models [26].

Role of Anemia and Erythropoietin

Many preterm infants develop anemia of pre-
maturity related to blood draws, inadequate ery-
thropoiesis, and possible loss of blood at the time
of delivery. Studies that tested the effect of
restrictive versus liberal blood transfusions found
no differences in the development of ROP
[50, 51].

Erythropoietin (EPO) and its derivatives, such
as darbepoietin, have been used for anemia of
prematurity, but some clinical studies have asso-
ciated severe ROP with the use of EPO [19, 20].

Fig. 1.2 Phases of oxygen-induced Retinopathy (OIR). From ophthalmology, 2015 Jan;122(1):200–10, Hartnett ME,
Pathophysiology and mechanisms of severe retinopathy of prematurity
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Vitreous EPO was increased in infants who
underwent vitrectomies for stage 4 ROP com-
pared to cataract surgery [21]. However, a recent
clinical trial in infants given darbepoietin for
neuroprotection found no effect compared to
control on severe ROP [52], although, the num-
ber of infants with severe ROP was small. In
addition, experimental studies found EPO
administered early can stabilize newly formed
retinal capillaries [23] and encourage physiologic
retinal vascular development [24], but if given
late can contribute to vasoproliferation [17, 22].
There is renewed interest in EPO for neuropro-
tection. EPO receptor can dimerize with itself or
with the beta common receptor to form a tissue
protective receptor [28]. However, experimental
studies in the rat OIR model found very little beta
common receptor expression in the retina in
room air raised pups or those in the OIR model
[40]. In contrast, repeated fluctuations in oxy-
genation activated not only the EPO receptor but
also VEGFR2, which together formed a hetero-
dimer and caused vitreous vasoproliferation in
phase 2. Also, EPO was not increased in the OIR
model but both EPOR expression and activation
were increased. Furthermore, not only did EPO
activate its receptor but VEGF also activated
EPOR. With increasing expression of VEGF by
oxygen stresses in ROP or through exogenous
delivery of EPO, EPOR may be activated and
interact with VEGFR2 to increase vasoprolifer-
ation. These observations may partly explain the
discrepancies reported on EPO use in ROP. As
with IGF-1 and other angiogenic factors that can
reduce phase 1 ROP, the timing of delivery of the
angiogenic agent, to avoid vasoproliferation, is
complicated in the individual infant in whom the
phases of ROP are not distinct.

Role of Oxidation, Inflammation,
and Angiogenesis

Oxygen levels affect oxidation and the genera-
tion of ROS and RNS through mitochondria,
NADPH oxidase, eNOS, and other enzymes. In
addition, oxidative reserve is less in preterm than
in full-term infants. High oxygen can increase the

superoxide radical, and low oxygen may also
increase superoxide [53] by slowing upstream
events in the electron transport chain and
increasing the concentration of oxygen donors.
Repeated oxygen fluctuations can also activate
enzymes that generate ROS, including NADPH
oxidase. In addition, infection and inflammation
can lead to signaling events that overlap with
oxidative signaling [54], including angiogenesis
and apoptosis [55, 56].

Inflammatory compounds are increased in low
birth weight preterm infants in the antenatal
period [57]. One family of metabolites includes
the phospholipase A2 (PLA-2) enzymes that
catalyze the hydrolysis of fatty acids from
membrane phospholipids and are activated by
oxidative stresses and hypoxia. PLA-2 is
involved in experimental retinal neovasculariza-
tion [58]. Activation of PLA-2 can then lead to
the release of arachidonic acid, platelet activating
factor, and lysophospholipids. Cyclo oxygenases
(COX1 and COX2) can oxidize and catalyze
arachidonic acid into the eicosanoids, including
prostaglandins, prostacyclin, and thromboxanes
that have been associated with both avascular
retina and vasoproliferation in models of ROP
and OIR [58]. Prostaglandin E2 activation of its
receptor, EP4, caused Müller cell overexpression
of VEGF and vasoproliferation in experimental
OIR models [59].

Hypoxia, ROS, and inflammatory pathways
through NFkB can stabilize hypoxia-inducible
factor alpha 1 alpha (HIF1a). HIF1a then
translocates to the nucleus initiating transcription
of a number of angiogenic genes, including
VEGF, erythropoietin, and angiopoietin 2, as
examples [60]. HIF1a can also upregulate
RTP801 to induce angiogenesis in a pathway
independent of VEGF. RTP801 is strongly
upregulated in ischemic cells of neuronal origin
and can cause neuronal apoptosis [61]. Hypoxia
also can increase the Krebs cycle metabolite,
succinate, in retinal ganglion cells and trigger
signaling through its receptor, GRPR91, to affect
developmental angiogenesis and vasoprolifera-
tion in OIR models [7].

The cytochrome p450 monooxygenases
(CYP) include a number of oxygen sensitive

6 M.E. Hartnett



proteins that oxidize compounds, notably arachi-
donic acid. Autooxidation of arachidonic acid via
CYP can produce lipid peroxides. CYP1B1 was
also found to increase anti-angiogenic agent,
thrombospondin 2 [62]. There is some evidence
that CYP activation can exacerbate phospholipase
A2 dependent injury [63] and may lead to a
pathway associated with hyperoxia-induced
endothelial apoptosis and vasoobliteration, seen
in the mouse OIR model [64]. These events can
contribute to avascular retina.

Generation of RNS, including peroxynitrite,
can damage tissue but its precursor, NO, can be
beneficial, and the difference may be related to
the redox state of the tissue [65]. Other RNS,
such as NO2

*, can lead to the isomerization of
arachidonic acid to trans-arachidonic acid.
Trans-arachidonic acid has been shown to con-
tribute to hyperoxia-induced vasoobliteration
through the upregulation of anti-angiogenic
agent, thrombospondin-1 [56].

Although experimental approaches have
shown that antioxidants can improve physiologic
retinal vascular development, they have not
reduced vasoproliferation. In human infants,
antioxidants, n-acetyl cysteine [66], vitamin E
[67] or lutein [68] also failed to safely reduce
severe ROP. There can be different effects of
ROS in different cells and evidence suggests that
this is why broad inhibition of ROS may not
always yield expected outcomes. In a rat OIR
model in which rats were placed into 28% sup-
plemental oxygen (supplemental oxygen OIR
model) instead of room air, the antioxidant,
apocynin, reduced vasoproliferation in part by
inhibiting STAT3. In addition, vasoproliferation
was nearly abolished with a systemic or intrav-
itreal STAT3 inhibitor. However, in the rat OIR
model in which rats were placed into room air
(standard OIR model), broad STAT3 inhibition
had no effect on vasoproliferation. The reason
appeared to be based on the cell type in which
STAT3 was activated. In contrast to the events in
the supplemental oxygen OIR model, activation
of STAT3 occurred in Müller cells by high
VEGF in the standard OIR model and led to
downregulation of EPO and delayed physiologic
retinal vascular development. Exogenous EPO

increased physiologic retinal vascular develop-
ment by 40% but did not reduce vasoprolifera-
tion in phase 2, possibly because of the
angiogenic effects of EPO. In the supplemental
oxygen OIR model, VEGF was relatively
downregulated compared to the standard OIR
model reducing the effect of Müller cell STAT3
on EPO downregulation. In the supplemental
oxygen OIR model, NADPH oxidase induced
STAT3 was activated in endothelial cells and
inhibition of STAT3 reduced vasoproliferation
[26]. In the standard OIR model, STAT3 acti-
vation by VEGF mediated VEGFR2 activation in
endothelial cells was in part through NADPH
oxidase [26], as seen with high glucose [69]. This
evidence supports the notion that reduction in
vasoproliferation requires targeted endothelial
cell STAT3 inhibition because broad inhibition
of STAT3 may lead to upregulation of EPO that
can act as an angiogenic factor. Studies are
ongoing to look at ways to increase the effect of
hypoxia inducible factors to support physiologic
vascularization of the retina during high oxygen
when hypoxia inducible factors are turned off
during high oxygen treatment, which is often
necessary for survival of the premature infant
[70]. However, greater study is needed because
many of these factors also affect processes
important to the premature infant.

VEGF Signaling

Over activation of VEGF in the retina can dis-
order developmental angiogenesis and cause not
only vasoproliferation into the vitreous, but also
delayed physiologic retinal vascular development
in phase 1. Inhibition of VEGF signaling can
facilitate physiologic vascular development
while inhibiting vasoproliferation. This finding
was also seen in the clinical trial, Bevacizumab
Eliminates the Angiogenic Threat of ROP
(BEAT-ROP). However, in some infants treated
with bevacizumab, persistent avascular retina and
later vasoprolfieration occurred. Concerns exist
that the dose of anti-VEGF agent, which was
based on adult sized eyes, was too great for the
preterm infant eye. In addition, the dilution of
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anti-VEGF agent that enters the blood volume in
the preterm infant is much less than in the adult,
and VEGF is important in neuroprotection, lung,
and kidney development. More studies are nee-
ded to determine dose and safety.

Experimental data from OIR models also show
adverse effects even with Müller cell targeted
knockdown of VEGF at a dose to significantly
inhibit vasoproliferation, but not physiologic
retinal vascular development. As an example,
targeted inhibition of VEGFA inMüller cells with
lentivector gene therapy reduced the capillary
density of the inner and deep plexi of the retina
even though the extent of vascular coverage was
not affected [39]. This treatment also caused
neural death and later thinning of the outer nuclear
layer. Neutralizing VEGF164 with an antibody
led to recurrent vasoproliferation at a later time
point in the rat OIR model in association with
upregulation of other angiogenic pathways and
with inhibition of pup body weight gain [71]. Both
interventions, targeting VEGF inMüller cells only
with the lentivector gene therapy or using an
antibody to VEGF164, reduced vasoproliferation
in the rat OIR model fourfold compared to each
respective control, but both anti-VEGF strategies
led to adverse events in the developing retina and
rat pup. These findings raise the question whether
inhibition of the growth factor VEGF may be too
extreme a treatment for the developing preterm
infant and eye. Experimental studies that intro-
duced a short hairpin RNA to knock down
VEGF164 in Müller cells only showed efficacy at
inhibiting vasoproliferation without causing cell
death or thinning of the ONL [6].

Additional considerations regarding anti-
VEGF agents are important. The phenotype of
ROP varies throughout the world based on
resources for care and oxygen delivery. Infants in
India who develop severe ROP are born at older
gestational ages (>32 weeks) and larger birth
weights than infants even screened in countries
with resources for oxygen regulation and care.
These larger and older preterm infants differ sub-
stantially frompreterm infantswho develop severe
ROP in the US. Therefore, studies of anti-VEGF
agents may not be comparable between theUS and

areas in which older and larger preterm infants are
treated with anti-VEGF agents.

The Role of Light

The Light-ROP study tested the hypothesis that
light would generate harmful ROS and cause
ROP in newly born infants. However, there was
no effect on the development of prethreshold
ROP in infants that wore goggles to reduce light
to the retinas [72]. A study found that mice
reared in the dark in utero developed character-
istics that may predispose the retina to the
development of ROP [73]. Light induced the
maturation of a particular type of ganglion cells,
the melanopsin ganglion cells. Evidence was
presented in human preterm infants that higher
average day length during early gestation was
associated with lower risk of ROP [74]. Finally, a
large candidate study of extremely low birth
weight infants found two variants in the gene
encoding brain-derived neurotrophic factor
(BDNF) were associated with severe ROP.
Additional studies are needed to understand the
links between light level and physiologic retinal
vascular development.

Summary

ROP differs throughout the world and is affected by
a number of factors: prenatal care, nutritional sup-
port, oxygenation levels, inflammation, infection,
and oxidation. VEGF is an important factor in
developmental and pathologic angiogenesis.
Oxidative signaling is also important but leads to
different outcomes in different cells. Use of
angiogenic agonists to promote physiologic retinal
vascular development may be of concern in the
preterm infant, in whom the phases of ROP are not
distinct. However, angiogenic inhibitors are also of
concern since the determination of dose will be
challenging and cannot be compared between
studies of large and small preterm infants. Recent
evidence suggests that regulating VEGF receptor
signaling at the endothelial cell or inhibiting
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signaling effectors downstream of VEGFR2 using
targeted approaches may be important.
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2Classification of ROP

Thomas Lee
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Retinopathy of prematurity (ROP) is an
iatrogenic disease. Prior to 1940 it did not exist
in humans and until 1941 no ophthalmologist had
ever seen such case. That changed in 1940 when
Dr. Martin Couney unveiled the country’s first
incubators for premature children that had pure
oxygen to supplement the incubation chamber at
the World’s Fair in New York City. The fol-
lowing year, Dr. Theodore Terry in Boston,
documented the first case of bilateral retrolental
fibroplasia [1]. In the ensuing 10 years, it was
estimated that approximately 7,000 premature
babies in the United States went blind. It was not
until 1986 that an international cooperative group
formed and established the CRYO-ROP trial.
The goal of the trial was to determine the natural
history of this new disease and whether ablation
of the avascular retina with cryotherapy would
reduce the risk of blindness. To allow the inter-
national investigators to share data, the study
established the International Classification of
Retinopathy of Prematurity (ICROP). This sys-
tem described the status of the disease based on
three parameters: zone, stage, and presence of
plus disease [2]. Taken together, these three
measures determined whether a patient had mild

ROP, pre-threshold ROP, or threshold ROP. This
status would then determine the patient’s sched-
ule for follow-up as well as need for treatment.

Zone

Because the cardinal feature of ROP is the
presence of avascular retina, the study created
three zones that characterized where the normal
retinal vasculature was present. The primary
criterion for creating zones was that the physician
would be able to make the determination based
on indirect ophthalmoscopy alone (Fig. 2.1).

ZONE 1: Those children with the most pos-
terior ROP where the normal retinal vessels had
very little growth were termed Zone 1. Patients
with Zone 1 had their retinal vessels extended
from the optic nerve out to the periphery but not
beyond the macula. To assist the examining
ophthalmologist in determining whether a patient
was in Zone 1, the study defined it as a circle
centered at the optic nerve that had a radius twice
the distance from the optic nerve to the fovea
(Fig. 2.2a). To qualify as being in Zone 1, the
examiner only needed to identify one clock hour
where the retinal vessels stopped within the
region. For a quick way to determine Zone 1, an
examiner using a 28 diopter lens can place the
edge of the lens to just encompass the optic nerve
on one side of the image field. The other side of
the lens would then be the edge of the Zone 1
(Fig. 2.2b). This technique is an easy way for the
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examiner to determine Zone 1 as long as the
optic nerve is in view with a 28 diopter lens.

ZONE 2: This region is defined as retinal
vessels that have extended past Zone 1 but
remain within a larger circle that has a radius
extending from the optic nerve to the nasal ora
serrate (Fig. 2.3). From a practical standpoint,
this would be an exam where the patient is not in
Zone 1 but the retinal vessels do not extend all
the way to the nasal ora serrata. Although the

retinal vascular development usually has equal
growth from the optic nerve in all directions,
there are times that it can be asymmetric with the
vessels extending all the way to the nasal ora
serrata but falling temporally into Zone 2 in
which case the patient would still be classified as
Zone 2.

ZONE 3: This region is defined as the
remaining retina beyond Zone 2 and mostly rep-
resents the most peripheral temporal retina. This

Fig. 2.1 ICROP exam form: standard form for documenting Zone and stage as well as presence of Plus disease

Fig. 2.2 a Example of Zone 1 ROP using a RetCam
image. The white dotted line marks the edge of Zone 1.
The white arrows show areas where the vascularized retina
stops short of the Zone 1 border. b Example of Zone 1

ROP using a digital indirect ophthalmoscope and a 28
diopter lens where the optic nerve and the end of the
vascularized retina (white arrow) can be seen in the same
field of view
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area can quickly identify when the retinal is fully
vascularized nasally and the temporal aspect
requires depression to visualize adequately.

Stage

Once the Zone has been identified, the next step
is to determine the level of ROP at the interface
between the vascular and avascular retina. Fun-
damentally the stage represents various levels of
evolution of the pathologic angiogenesis. The
neovascularization typically occurs at the edge of
the vascularized retina. This neovascularization
grows in a disorganized fashion that starts off as
a white flat demarcation line. This is the very
early phase of the process. As the pathologic
neovascularization progresses, the vessels begin
to accumulate at this location leading to an
elevation/bump (some refer to the appearance of
a “speed bump”). As the process continues the
neovascularization begins to spill into the vitre-
ous. This is the tipping point in the disease since
the next phase is to recruit scar tissue along with
the now vitreous involved vessels that can lead to
a tractional detachment and blindness. To
describe this, the CRYO-ROP study defined the
different stages as follows:

Immature retina: when the retinal vessels stop
and there is no visible demarcation line. This can
be a challenge to identify because in the early
exams there are often no clear landmarks to look

for. Some people informally refer to this as
stage 0 although this is not a terminology used by
ICROP.

Stage 1: The retinal vessels stop and then a
linear flat white line is present that
usually runs the circumference of the
vascular retina.

Stage 2: The neovascularization is now accu-
mulating and has developed thickness
that manifests as a linear bump (speed
bump). Importantly, the neovascular-
ization remains along the surface of
the retina and is not beginning to
extend off the retina into the cortical
vitreous (Fig. 2.3).

Stage 3: The neovascularization has now been
accumulated at the edge of the vascu-
larized retina so that it is now
extending into the vitreous. ICROP
has called this extra retinal fibrosis
proliferation. In cases of Zone 2 and
Zone 3, this will at times be described
as a sausage shaped stage 3. Unlike the
white/pink color of stage 1 and 2, stage
3 will often have a red appearance
consistent with the increased blood
being shunted through the accumulat-
ing stage 3 (Fig. 2.4a, b). In more
posterior Zone 1 disease, the stage 3
can appear as a direct extension of the
normal retinal vessels but extending
tangentially over the avascular retina.
This is in contrast to the typical
stage 3, which has the sausage-shaped
appearance. Some refer to this as flat
neovascularization [3].

Stage 4: As the stage 3 progresses to grow into
the vitreous it can form a continuous
sheet coming up from the edge of the
vascularized retina. The appearance of
a sheet/membrane is an ominous find-
ing and often is a precursor to a cica-
tricial phase that can induce vitreous
organization around the vascular sheet.
This scar tissue can grow toward the
vitreous base/posterior lens capsule
resulting in traction, distortion, and

Fig. 2.3 Example of Zone 2 stage 2 ROP using a
RetCam image. The vascularized retina extends beyond
the border of Zone 1 (white arrow)
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even detachment. Stage 4 occurs once
the scar tissue causes enough traction to
create a tractional detachment. Stage 4a
describes a detachment that involves
the peripheral retina that does not
extend into themacula (Fig. 2.5). Stage
4b is when the traction extends more

posteriorly and involves the macula
itself. The detachment usually starts in
the temporal periphery although can
also involve the nasal retina as well.
While stage 1–3 occurs prior to treat-
ment, stage 4 can occur after treatment
and may be accelerated by the absence

Fig. 2.4 a Stage 3 present temporally in the right eye (white arrow). b Fluorescein Angiography showing stage 3 at the
edge of the vascularized retina

Fig. 2.5 Stage 4A
detachment with an annular
ring of fibrosis present
tugging on the retina
leading a tractional
detachment
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of vascular endothelial growth factor
posttreatment leading to an accelerated
cicatricial phase.

Stage 5: When stage 4 progresses, it can lead to
a total retinal detachment termed
stage 5. This is funnel detachment with
generally traction in all four quadrants.
Stage 5a refers to an open funnel while
stage 5b refers to a closed funnel.

Plus Disease

ROP is characterized by progressive changes in
the retinal vasculature. As the pathologic neo-
vascularization progresses, it creates collateral-
ization resulting in increased in blood flow.
Clinically this is manifested as vascular dilation
and tortuosity. At the beginning, these vascular
changes are more apparent in the peripheral
vessels adjacent to the shunt and may even pre-
cede the clinical detection of stage 3. As the stage
3 progresses, the peripheral dilation and tortu-
osity is sometimes described as arborization or
decreased branching angle of the vessels. These
vascular changes in the periphery can ultimately
progress more posteriorly resulting in Plus dis-
ease. The CRYO-ROP study characterizes Plus
Disease as dilation and tortuosity of the vessels

exiting the optic nerve and involving at least six
clock hours of the nerve (Fig. 2.6a). There was a
standard photograph that was given as a refer-
ence (Fig. 2.6b). It is important to understand
that the dilation and tortuosity of the peripheral
vessels often seen with stage 3 do not constitute
Plus Disease and that this term only refers to
the nature of the vessels adjacent to the optic
nerve.

The presence of Plus disease is now a key
element in determining whether a patient quali-
fies for treatment. One fundamental problem with
the definition is that it relies on the observer’s
own perception of what constitutes dilation and
tortuosity. Studies have shown that even among
experienced ROP examiners, there can be a wide
variation on which exams qualify for Plus dis-
ease [4, 5]. There is also a modified term of
Pre-plus disease, which is defined as vascular
dilation and tortuosity that do not qualify as Plus
disease [6].

Pre-threshold

One goal of the original CRYO-ROP Study was
to identify eyes that would be at high risk of
needing the treatment. These patients were
identified as pre-threshold which included
patients who were in Zone 1 (no Plus or stage 3)

Fig. 2.6 a RetCam photography showing dilation and tortuosity of the posterior vessels as they exit the optic nerve.
b Standard photograph showing Plus disease

2 Classification of ROP 17



or Zone 2 with Plus or stage 3 but not both.
These children were placed on a more frequent
examination schedule of at least every week or
sooner as opposed to the recommended 2 week
interval for patients with milder ROP.

Threshold

Threshold refers to an eye that has progressed
beyond pre-threshold to include Zone 1 or Zone
2 with Plus disease and 5 continuous clock hours
or 8 discontinuous clock hours of stage 3. In the
CRYO-ROP study, patients with Threshold ROP
received laser treatment or cryotherapy for
avascular retina.

Early Treatment ROP Trial

Although patients with threshold ROP in Zone 2
did well, the Zone 1 patients still had a high
failure rate and so a follow-up study, the Early
Treatment for ROP (ETROP) trial [7–9], was
started. This trial was designed to allow treat-
ment earlier for those patients who were at a very
high risk rather than waiting for full Thresh-
old ROP. In this trial, pre-threshold was subdi-
vided into Type 1 and Type 2. Type 2 was the
milder form and included eyes in Zone 1 with no
plus or stage 3 or eyes in Zone 2 with stage 3.
Type 1 was any eye with Plus disease or a Zone 1
eye that developed stage 3. With this new crite-
rion of Type 1 pre-threshold, the average time of
laser treatment was now on average two weeks
earlier and resulted in a reduction of the failure
rate in Zone 1 disease.
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Introduction

Screening for retinopathy of prematurity
(ROP) and the optimum treatment of severe
disease in order to prevent blindness requires
detailed understanding of the infants at risk and
timely eye examinations. Many practical
screening challenges secondary to the diversity
of disease exist. These issues fall into two main
categories—First, which infants should be
screened? And second, how should the infants be
screened? The diversity of ROP presentation is
exemplified in its geographical distribution, with
variations in those infants at risk for severe ROP
and altered temporal development of disease in
different locations. The risk of ROP is ubiquitous
amongst the premature neonatal population; the
only countries fortunate to be exempt from the

condition are those paradoxically unfortunately
unable to provide survival care for their preterm
infants. In high-income countries in the late
1950s, the first epidemic of ROP occurred in
relatively high birth weight (BW) and gestational
age (GA) babies as they were treated with high
oxygen concentrations within the neonatal
intensive care units (NICUs), as the associated
dangers of oxygen to the eye were not realized.
Unfortunately, in many low- and middle-income
countries today supplemental oxygen levels are
not monitored, leading to the manifestation of
ROP in similarly high GA, high BW infants in
these countries, as in the first epidemic [1].
Despite numerous screening guidelines not all
populations and situations are adequately cov-
ered, so preventable visual loss from ROP still
occurs. This chapter will present and discuss
screening guidelines and challenges to successful
implementation of these guidelines. Evidence-
based guidelines are very important for global
ROP screening but also manpower for ROP
services are in great demand in many parts of the
world. Potential solutions to these problems
include algorithms linked to the increase in
weight of preterm infants over time, which may
decrease the number of infants requiring an eye
exam and a telemedicine approach to ROP with
automated analysis of image characteristics on
site.
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Screening Guidelines

It was first reported in 1988 that treatment for
severe ROP improved visual outcomes and this
made ROP screening and treatment a priority [2].
In the UK, for instance, in the early 1980s, less
than 10 ophthalmologists were involved in ROP
screening, but by 1995, 183 ophthalmologists
screened for ROP in 96% units in the UK caring
for preterm [3]. ROP screening is included in the
Action Plan 2006–2011 in “Vision 2020 The
Right to Sight Global Initiative for the Elimina-
tion of Avoidable Blindness” with the overall aim
to provide services to treat children with ROP
and with three specific strategies: first, “examine
premature infants at risk of ROP, treat those with
severe disease and promote oxygen monitoring”;
Second, ensure availability of ophthalmologists
experienced in indirect ophthalmoscopy to
identify premature infants in intensive neonatal

care who require treatment for ROP”; Third,
“ensure that infants at risk have fundus exami-
nations starting at 4–6 weeks after birth and that
infants with severe disease are treated immedi-
ately by laser or cryotherapy.” [4].

Many countries have created ROP screening
guidelines [5]. Table 3.1 includes a selection of
these. We will use the frequently used terms low-,
middle-, and high-income countries, but we
emphasize that this does not always precisely
equate to the quality of care in every neonatal
intensive care unit (NICU) in a particular country.
In high-income countries, such as the USA and
UK, the standard of neonatal care is high and
while there will be variations, these will probably
be relatively minor compared to other countries
such as India, South Africa, and Brazil where the
standard of care may vary widely between indi-
vidual NICUs, even in one city, from the highest
standard in well-resourced units to those with

Table 3.1 A global selection of screening criteria

Country GA (weeks) and BW (g) Notes

Argentina [74] �32 weeks and/or 1500 g Include also 1500–2000 g with unstable clinical course,
predisposing factors or prolonged oxygen therapy

Brazil [16] �32 weeks and/or �1500 g Include also larger and more mature babies with illnesses and
other risk factors, e.g. sepsis, respiratory problems, multiple
births

Canada [73] <31 weeks and <1251 g Include also babies 1251–2000 g if at high risk due to complex
clinical course

Chile [75] <33 weeks and <1500 g Include also babies between 1500 and 2000 g with unstable
clinical course, predisposing risk factor or prolonged oxygen
therapy

Colombia [77] �32 weeks and/or �1800 g Include also >1800 g with unstable clinical course,
predisposing factors or prolonged oxygen therapy

Mexico [76] �34 weeks and/or �1750 g

Sweden [23] <31 weeks Include also larger babies severely ill

India [17] <34 weeks and/or <1750 g Include also babies 34–36 weeks or 1750–2000 g if there are
risk factors

UK [7] <31 weeks or <1251 g one
criterion to be met

Must be screened. No additional sickness criteria

UK [7] 31 to <32 weeks or 1251–
1501 g one criterion to be met

Should be screened

USA [42] �30 weeks or <1500 g Include also “selected” 1500–2000 g or >30 weeks if unstable
clinical course with cardiorespiratory support and at high risk

South Africa [78] <30 weeks and <1500 g Also selected 1500–2000 g if risk factors or oxygen
monitoring suboptimal—includes guidance on oxygen
monitoring
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sparse resources in which unblended oxygen is
administered. For example, Zin et al. mention that
in Rio de Janeiro the better NICUs could employ
narrower guidelines compared to other units in
the same city [6].

Which Infants Need to be Screened?

High-Income Countries

In high-income countries, with a relatively uni-
form high level of neonatal care, most have
devised inclusion criteria, based on gestational
age, birth weight alone or with sickness criteria.
There is very little data on the specificity of ill-
ness factors which are risk factors for ROP [7]. It
is pertinent to note that in high-income countries
with excellent neonatal care, inappropriately
excessive oxygen administration is rare (not
denying the importance of oxygen in ROP
pathogenesis) and the additional risk factors are
likely to be sepsis, transfusions, general sickness,
and prolonged cardiorespiratory support—which
are most probably nonspecific indicators of ill-
ness. Almost all ROP requiring treatment affects
babies <31 weeks GA or <1250 g BW, but it
does occasionally occur in larger and more
mature babies [7–9]. More data is required to
determine whether the safest, most effective, and
efficient method to include the outliers is by
raising the GA and BW bar and disregarding a
sickness score, or by setting lower level limits
and combining GA and BW with a “sickness”
criterion which will robustly identify the larger
infant.

Low- and Middle-Income Countries

In low- and middle-income countries, with vari-
ations in the standard of neonatal care, larger and
more mature infants are at risk of developing
sight-threatening ROP [1, 10–13] compared with
those in high-income countries. Recent publica-
tions from India illustrate the issue with infants
<36 weeks GA and >2500 g BW requiring
treatment [13–15]. Clearly basing inclusion

criteria on GA and BW alone under these cir-
cumstances would be quite inappropriate as
many babies would be unnecessarily screened
and the manpower demand for screening simply
could not be met. Thus in these communities a
sickness criterion needs to be included for those
larger and more mature babies without the GA
and BW but who are at risk of sight-threatening
ROP as screened.

As well, in many instances, the GA may not be
known. As indicated in Table 3.1 the GA and BW
inclusion criteria are wider in those middle-
income countries which have guidelines such as
Brazil [16] and India [17]. Inappropriate excessive
oxygen administration—sometimes unblended—
has long been suspected to be a risk factor. Shah
et al. reported a high incidence of aggressive
posterior ROP (APROP) in babies <35 weeks
GA who had received unblended oxygen and that
following crude oxygen blending this incidence
fell dramatically [14].

Clinical management within the NICU’s is
continually changing, so reevaluation of
evidence-based inclusion criteria for infants
requiring a screening eye exam will be necessary
from time to time.

When to Screen?

ROP Natural History

An effective and efficient screening program
requires understanding of the natural history of
ROP. This has been studied in population-based
[18–20] and treatment studies [21–23]. Findings
have been very consistent over the 20-year per-
iod in high-income countries, showing that the
onset and progression of ROP are governed
predominantly by postmenstrual and not post-
natal age, although there is a slight acceleration
of the process in the most immature infants [20].
The rate of progress through the stages is
approximately one stage per 7–10 days: thus in
the Early Treatment of Retinopathy of Prematu-
rity Study (ETROP) the median age for stages
1, 2, and 3 and plus disease was 34.1, 35.1, 36.6,
and 36.0 weeks post menstrual age (PMA),
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respectively [24]. ROP very rarely requires
treatment before 31 weeks PMA and the mean
age for treatment of Type I (prethreshold) and
threshold disease in ETROP was 35.2 weeks
PMA (range 30.6–42.1 weeks) and 37.0 weeks
PMA (range 31.9–46.6 weeks) essentially iden-
tical to previous studies [25].

With respect to middle- and low-income
countries and larger infants, Carden et al. repor-
ted on 100 preterm infants <1900 g BW and <35
weeks GA in Vietnam who required treatment for
threshold ROP at 36.25 weeks PMA (range
31.4–44.3 weeks) [11]. From India, Shah et al.
reported on laser treatment to 93 babies (<2250 g
BWand <35 weeks GA) at mean age of 37 weeks
PMA (range 30–40 weeks), while Jalali et al.
(2011) treated 115 babies with APROP at a
mean age of 34.6 weeks PMA (range 31–51
weeks PMA) [14, 15]. Thus, information to date
confirms that the natural history of ROP is gov-
erned by postmenstrual age so that themean age of
infants requiring treatment at threshold ROP is
approximately 37 weeks and at Type I prethresh-
old around 35 weeks even in larger infants.
Progression through the stages of disease will
be compressed in the larger infants and the
National Neonatology Foundation of India
guideline recommends screening by 2–3 weeks of
age [17].

When to Start Screening?

Screening should commence before ROP
requires treatment (Table 3.2). Several ROP
guidelines have given a single postnatal age for
the commencement of screening examinations,
e.g., 6–7 weeks for the 1995 UK guideline [3]
and 4–6 weeks in the Vision 2020 Action Plan
[4]. While this had the merit of simplicity, it did
not take into consideration the natural history of
ROP and consequently required excessive
examinations of the most immature infants and
yet would have missed the opportunity for
treatment in the largest and most mature infant.
Several national guidelines have now followed
the approach suggested by Reynolds et al. in
which the commencement of screening is tailored
to the infant’s GA [26]. This is shown in
Table 3.2 and has been extended by authors
beyond 32 weeks for the purpose of this article.
It is important to note that larger birth weight
infants should have earlier screening exams.

When Screening Can Be Safely
Terminated

The decision to terminate screening safely is
critical and depends on whether or not the infant

Table 3.2 Suggested age
for first screening
examination

Age at first ROP screening examination

Gestational age (weeks) Postnatal Age (weeks) Postmenstrual age (weeks)

22 8 30

23 7 30

24 6 30

25 5 30

26 4 30

27 4 31

28 4 32

29 4 33

30 4 34

31 4 35

32 3 35

33 2 35

34 2 36

35 2 37
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had any ROP. In those infants not ever having
had any ROP, most guidelines recommend that
eye exams should continue until there is adequate
retinal vascularization to zone III and not to stop
screening before 37 weeks of PMA. Infants that
have had ROP throughout their clinical course
require at least two examinations with signs of
regression of ROP.

Telemedicine Approach to ROP

Telemedicine refers to the use of information
technologies to support health care between
participants who are separated from each other. It
may be a possible solution to some of the
screening challenges in the management of ROP.

Over the last 15 years, research studies using
a telemedicine approach to ROP screening have
consistently demonstrated the ability to identify
infants at risk for severe ROP needing treatment.
There are over 35 peer-reviewed published
studies that document feasibility and accuracy of
this approach [27–31]. Advances in imaging
techniques have enabled the manufacture of
digital cameras specifically for imaging the pos-
terior segment and retina of the premature
infants. The RetCam digital camera system
(Clarity Medical Systems, Pleasanton, California,
USA) is the most commonly used camera for
neonatal ophthalmic imaging. The wide-angle
lens gives a panoramic view of the retina, and the
capture and save feature enables photographic
documentation of retinal pathology which may
become part of the permanent medical record in
addition to its use in telemedicine. Retinal pho-
tographic documentation of infants at risk for
ROP using the RetCam camera with remote
interpretation of digital images has been favor-
ably assessed in many studies. Recently, a large
multicenter study published results that support
the validity of remote evaluation by trained
nonphysician readers of digital retinal images
taken by trained nonphysician imagers from
infants at risk for severe ROP [32–34].

Several telemedicine studies have docu-
mented identification of severe ROP disease one
to two weeks earlier than the clinical binocular

indirect ophthalmoscopy (BIO) standard [35,
36]. Earlier identification of disease leads to
earlier treatment of severe ROP and early treat-
ment results in better visual outcomes [37–39].
This is consistent with major clinical trials in
diabetic retinopathy that document the efficacy of
digital imaging with remote evaluation as better
than ophthalmologists’ exams in detecting the
features of diabetic retinopathy [40, 41]. The use
of telemedicine to manage infants with ROP
offers the potential to address the shortage of
physician expertise, standardize, and improve the
quality of ROP evaluations and optimize the
timing of treatment of premature infants.

An Ophthalmic Technology Assessment
report commissioned by the American Academy
of Ophthalmology has evaluated the accuracy of
detecting clinically significant ROP using
wide-angle digital retinal photography from the
literature currently available [42]. It reviewed
seven level I papers and three level III papers. Of
these ten papers, seven of them reported a high
sensitivity and specificity for detecting ROP
needing treatment using digital imaging.

Chiang et al. reported on multiple “Real-
World ROP Management Programs” [43]. These
programs have successfully set up ROP tele-
medicine programs and have published data
supporting their validity. The largest published
dataset of infants screened for ROP using tel-
emedicine is from Bangalore, India. This
telemedicine program, KIDROP (Karnataka
Internet Assisted Diagnosis of Retinopathy of
Prematurity), has been screening in remote
neonatal intensive care units (NICU’s) in rural
regions where ROP screening does not exist
[44–47]. Trained and certified technicians visit
multiple hospitals on a fixed schedule in many
districts of Karnataka state (inhabited by 64
million people), and using the Retcam Shuttle,
image infants who are either resident to that
NICU or referred to the program. Images are
stored, analyzed, and uploaded on a secure
Tele-ROP platform (i2i Tele-solutions Ltd,
Bangalore, India) for the expert to view and
report on a smart phone, tablet or computer, in
real-time, using a standardized template [17, 45].
In Germany, Lorenz et al. showed 100%
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detection of suspected ROP treatment warranted
cases in a prospective study [48]. In the USA, the
Stanford University Network for Diagnosis of
ROP has reported a 100% sensitivity and 90%
specificity at detecting treatment warranted cases
of ROP [49]. The Joint Technical Report on
“Telemedicine for Evaluation of Retinopathy of
Prematurity” recently published by the American
Academy of Pediatrics Section on Ophthalmol-
ogy, American Academy of Ophthalmology, and
American Association of Certified Orthoptists
also reinforces the important impact of tele-
medicine in the future management of ROP [50].

Future Technology of ROP Screening

Less than 10% of neonates screened for ROP will
require treatment, so the vast majority either do
not develop ROP or it is mild and self-limited.
This offers two options for screening: identifying
the eye not at risk of developing sight-
threatening ROP or predicting reliably the eye
which is likely to progress. Predictive factors for
likelihood of disease progression can be reliably
isolated. Predictive factors for ROP progression
studied thus far include post natal weight gain,
serum IGF-1 levels and quantifiable vessel
changes in the retina. The dichotomous distinc-
tion between disease presence and disease
absence may be a warranted first step in assess-
ing these infants. There is also growing evidence
that genetic factors are linked with disease
severity, and in the more distant future, genetic
screening may also add to the decision-making
process of which babies are more likely to benefit
from eye screening examinations.

An alternative and complementary approach
to identifying either the eye with no/mild or
severe ROP is through retinal vessel analysis.
Image analysis techniques have progressed
rapidly, and over the last decade retinal vessel
analysis tools have been developed specifically
to assess the vascular changes in the posterior
pole associated with plus disease of ROP. Image
segmentation isolates areas of interest within an
image. There are many different image segmen-
tation techniques and these can broadly be

divided into ridge-based and region-based tech-
niques. These techniques have been applied to
retinal images by many teams globally to identify
blood vessels in images. Locating the tiniest
blood vessels in preterm neonates has been
challenging for software, but progress is being
made and the accuracy of these systems may
consequently equip them to be the most sensitive
and specific tools for finding features in adult
images. The first reports of semi-automated
image analysis techniques for identifying and
then quantifying retinal vessels from RetCam
images were from Imperial College London
where Retinal Image multiScale Analysis (RISA)
had been developed [51].

RISA has been used to quantify arterial tor-
tuosity in ROP and subsequently showed that in
plus disease arteriolar and venous curvature,
diameter and tortuosity index are all increased
compared to those without plus disease [52]. The
rate of change in venous parameters has been
correlated with plus disease development using
RISA, with the highest area under the curve
reported in venous tortuosity index for weekly
rate of change [53]. Additional computer-assisted
vessel detection software has been developed,
including, ROPtool, developed at Duke Univer-
sity, USA [54, 55] and Computer-Aided Image
Analysis of the Retina (CAIAR), developed from
RISA to enable quicker image analysis due to
more accurate image segmentation techniques
[56–58].

These semi-automated systems can detect plus
disease of ROP with comparable or even better
accuracy to experts [58–61]. As well as vessel
width and tortuosity, other retinal parameters
such as vessel branching pattern and arcade
angles may add strength to automated digital
image analysis as a screening tool for ROP
[62–65].

Currently, there are limitations to automated
image analysis—while tortuosity can be accu-
rately calculated, width measurements are less
robust and all methods are slow. The difficulty
for man and machine to distinguish arterioles
from venules maybe an unnecessary concern, as
we have recently shown that the four most tor-
tuous vessels in an image, regardless of their
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vessel type, are correlated well with treated ver-
sus not treated eyes [66]. With improved retinal
image segmentation methods, mathematical
combinations of individual feature values such as
width and tortuosity, replication of work using
larger datasets, and multidisciplinary collabora-
tive efforts, these efforts will surely be worth-
while. Research is working toward more
accurate, faster, and completely automated
on-site software that quantifies plus disease and
morphological features of those eyes requiring
treatment for severe ROP.

WINROP (Weight, IGF-1 levels, Neonatal,
ROP) is a surveillance algorithm developed by
Lofqvist and colleagues in Sweden [67]. It mea-
sures weekly IGF-1 levels and weekly weight
from birth until 36 weeks. It correctly identified
all babies subsequently requiring laser treatment
for proliferative ROP and also all infants with low
risk ROP in a group of 50 preterm infants [67].
A further study of 354 infants in Sweden using
only postnatal weight gain showed a 100% sen-
sitivity and 84.5% specificity [68] and this was
validated in a US cohort of 318 infants, again
accurately predicting all babies who went on to
develop ROP requiring treatment [69]. Binen-
baum et al. reported a predictive model based on
postnatal weight gain that may reduce the need for
ROP screening [70].

There is growing evidence that genetic sus-
ceptibility plays a role in development of severe
ROP. Three genes encoding for the Wnt and
Norrin signaling pathways have been described
to cause familial exudative vitreoretinopathy
(FEVR), and two of these have been identified in
infants developing ROP. These are the NDP gene
(X-linked FEVR) and the FZD4 (autosomal
dominant FEVR). Ells et al. identified two novel
mutations (Ala370Gly and Lys203Asn) in the
FZD4 gene in 2 infants out of 71 infants with
severe ROP [71]. This mutation was not found in
the 33 infants in the mild to no ROP group, or in
173 random Caucasian samples. Mutation in the
NDP gene has been calculated to account for 3%
of cases of severe ROP [72].

In summary, many evidence-based screening
guidelines, developed by each country, have
emerged in the last two decades, and have

increased our ability to identify those infants at
greatest risk for ROP requiring treatment. Chal-
lenges to providing the screening examinations
by on-site ophthalmologists have been balanced
by innovative research for possible solutions.
These include telemedicine programs, quantita-
tive image analysis, and awareness of genetic
vulnerabilities and weight gain algorithms. These
new and future screening methods are comple-
mentary and may facilitate the development of a
nonphysician screening in which approximately
90% of infants, who will never develop severe
ROP, can be identified. Only those infants close
to developing sight-threatening ROP will then be
required to be examined by an ophthalmologist.
This could be a timely and cost-effective way of
providing screening in low-, middle-, and
high-income countries.
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4Optical Coherence Tomography
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Angiography in Retinopathy
of Prematurity
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Abstract
The advent and adaptation of many imaging modalities promise to
revolutionize our understanding of retinopathy of prematurity (ROP) by
improving the detection, diagnosis, and monitoring of response to
treatment of this disease. Diagnosis and classification of ROP traditionally
relies on an eye exam by an ophthalmologist expert in this area who
characterizes extent and character of retinal vascularization via indirect
ophthalmoscopy. Many tools now exist that allow for data acquisition by
nurses, technicians, and other trained staff with the images analyzed in a
more centralized location. We will focus on two rapidly evolving
technologies, optical coherence tomography (OCT), and wide field
fluorescein angiography (FA), to better understand how these tools may
change our current understanding and management of ROP.

Keywords
OCT—optical coherence tomography � Angiography � Retinopathy of
prematurity (ROP) � Preterm � Wide-field

Optical Coherence Tomography

What Is Optical Coherence
Tomography?

Optical coherence tomography (OCT) offers
noninvasive, real-time, cross-sectional imaging of
live tissue. It relies on interference patterns
between light reflected from eye tissue compared
to that reflected from a reference arm to obtain
imageswith a resolution of a fewmicrons [1]. First
described by Huang et al. in 1991, the utility of
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OCT in the field of ophthalmology was quickly
realized when Swanson et al. provided the first
high resolution, cross-sectional in vivo imaging of
the human retina just 2 years later [2, 3].
Pathologies such as epiretinal membrane (ERM),
macular holes, macular edema, and choroidal
neovascularization can be imaged longitudinally
to monitor disease progression [4–6]. These ima-
ges can be processed and analyzed to further
quantify the different compartments of the eye and,
more specifically, layers of the retina [7]. Spectral
domain (SD) OCT provides higher speed imaging
and improved image quality, and the capability to
sum serial frames to provide three-dimensional
representations of the imagedmaterial [8, 9]. Fully
automated algorithms can be applied to segment,
or outline, the individual retinal layers in both
healthy and diseased eyes and sum serial frames to
provide three-dimensional representations of the
imaged material [10]. The promise of this imaging
modality has led to many different commercial
platforms, and conversion factors exist to recon-
cile quantitative measurements between the dif-
ferent devices [11].

Adapting Optical Coherence
Tomography from Adult to Infant

Management of pathologies unique to the pedi-
atric population demands the need to adapt OCT
to children and infants. At first, only school age
children were imaged with OCT as they could
cooperate with the chin-rest apparatus designed
for adults. Hess et al. first used a Carl Zeiss
Meditec OCT system to image children ages
3–17 years old and identify a difference in
macular and retinal nerve fiber layer (RNFL)
thickness in children with and without glaucoma
[12]. The relative ease of imaging school age
children led to a normative database of macular
thickness, RNFL thickness, and optic nerve
topography in children aged 3–17 which
demonstrated variation by race, axial length, and
age in healthy children [13]. However, OCT
imaging of infants presents unique challenges.

New hardware was required to obtain OCT
images as traditional imaging apparatuses are

vertically oriented and nonanesthetized and
uncooperative infants must be imaged supine. In
addition, rapid image acquisition is required due
to the difficulty of movement in children [14]. At
first, an unmounted Stratus tabletop system was
utilized for infants under general anesthesia in the
operating room [15]. Vinekar et al. disassembled
the vertical camera unit of a Spectralis device and
directed the freed camera on the nonanesthetized
infant eye [16, 17]. More sophisticated devices
have since been developed to image the infant
eye. A portable, hand-held OCT (HHOCT)
Bioptigen (Morrisville, NC, USA) system first
used in infants by Maldonado et al. is now com-
monly accepted in the research community as the
optimal OCT platform to image supine infants in
various clinical and research scenarios. A mov-
able imaging hand piece can be easily manipu-
lated to an appropriate angle to align over a
supine infant’s eye and is connected via a flexible
fiberoptic cable to a cart equipped with the
SDOCT system and viewing screen. This mobile
unit allows easy transportation between the clinic,
operating room, and intensive care nursery for
easy, noncontact, nonanesthetized supine imag-
ing of infants [18, 19].

In addition to adapting the hardware to the
infant population, the optics of the imaging system
must also be modified to account for age-specific
differences in axial length, refraction, and corneal
curvature [20]. Hittner et al. first noted correlations
between anterior chamber depth, keratometry
readings and a history of ROP in 1979 [21].
Gordon and Donzis further characterized normal
eye development in neonates by measuring an
increase in axial length, decrease in corneal cur-
vature, and subsequent hyperopic refractive shift
[22]. Further studies have demonstrated that vit-
reous chamber length in preterm infants increased
most rapidly from 30 to 55 weeks post-menstrual
age (PMA) [23]. Because of these unique proper-
ties, optical formulae derived from Gullstrand’s
model eye, which employs estimates to image the
infant retina with a summary simplified lens, are
employed by the premature-eye model developed
byMaldonado et al. [20, 24]. These estimates may
slightly vary in the ROP population. Although
corneal curvature is normally the most significant
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contributor to changes in refraction in the neonatal
population, keratometry is not related to ROP
stages; however, at and after term, axial length
changes may vary proportional to severity of ROP
[25]. Now, based on the aforementioned optical
systems, an age-specific method to image prema-
ture infants, newborns, and infants has been
developed [20].

Developmental Retinal and Optic
Nerve Microanatomy Observed
on Optical Coherence Tomography
in Preterm Infants

To better understand the structural and functional
changes associated with ROP, one must first
understand the normal microanatomy of the retina
and its growth at an early age. Portable HHOCT
systems have allowed for imaging of preterm and
full term infants during the dynamic neonatal per-
iod. In particular, multiple studies both comparing
the microanatomy of preterm infants with their full
term counterparts as well as monitoring changes in
microanatomy of preterm infants over time have
increased our knowledge of normal retinal devel-
opment [26–28]. Only by understanding normal
retinal development can we detect, diagnosis, and
monitor the changes caused by ROP.

The fovea undergoes extensive maturation
changes during the neonatal period. Hendrickson
and Yuodelis first described human foveal devel-
opment in cadaver eyes and noted thick ganglion

cells and the absence of rods at the site that
becomes the recognizable fovea by 22 weeks
PMA [29]. Rather than studying human cadavers,
OCT imaging of preterm infants reveals the
changes in retinal microanatomy that typically
occur in utero. Maldonado et al. reported the first
in vivo tracking of foveal development by moni-
toring the displacement of inner retinal layers and
appearance of a thin photoreceptor layer in
preterm infants imaged with OCT. Three-
dimensional mapping revealed centrifugal migra-
tion of the inner retinal layers over time from the
fovea with concurrent centripetal formation of the
inner segment/outer segment band [28].

Immunohistologic evaluation of postmortem
infant retinas further reveals the intricate forma-
tion and movement of the various components of
the retinal layers in the macula [30]. Vajzovic et al.
have validated the use of OCT to monitor these
changes by correlating histologic findings with
OCT images [27]. On OCT and matching histol-
ogy, they found deepening of the foveal pit due to
displacement of inner retinal layers in preterm
infants with concurrent growth of the photore-
ceptor outer segments separating the photorecep-
tor inner segments from the retinal pigment
epithelium (Fig. 4.1). Vajzovic has also demon-
strated delayed photoreceptor maturation in pre-
term infants when compared to term infants of the
same age (at 37–42 weeks PMA) doi: 10.1167/
iovs.14-16021. Others have also documented the
maturation of the photoreceptors through OCT
imaging over the first 17 postnatal months [31].

Fig. 4.1 Top, Color illustration of retina maturation at
33–36 weeks post-menstrual age (PMA) with sample
spectral-domain optical coherence tomography (SDOCT)
cross-sectional B-scan of a former 1640 g, 30 week PMA
gestational age infant imaged at 33 weeks PMA with no
retinopathy of prematurity (ROP). Note the shallow foveal
pit, persistence of inner retinal layers, and lack of inner

segment band at the center of the fovea. Bottom, Color
illustration of retina maturation at 40–42 weeks PMA
with sample SDOCT B-scan of a former 880 g, 28 week
PMA gestational age infant with stage 2, pre-plus ROP
imaged at 41 weeks PMA. The foveal pit has greater
depth and there is inner retinal layers displacement from
the foveal center when compared to top B-scan
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Recent advances in enhanced depth imaging
OCT have allowed for better visualization of the
choroid-scleral junction and an appreciation for
the development of the macula’s vascular supply
[32]. Moreno et al. measured significantly thinner
choroid in young preterm infants (less than
37 weeks PMA) versus term-aged preterm infants
(37–42 weeks PMA), term infants, and adult
subjects. In addition, they found term-aged pre-
term infants had thinner choroid than term infants
[26]. Choroid thickness then continues to increase
from early childhood through adolescence [33].

Changes in neurosensory tissue of the retina
over time can also be appreciated with SDOCT.
Samarawickrama et al. measured larger
cup-to-disc ratios on OCT in children with a
history of low birth weight, short birth length,
and a small head circumference [34]. However,
analysis of color fundus photography of full term
infants did not reveal any differences in optic disc
measurements by sex or birth weight [35].
Additionally, RNFL is thinner in school-aged
children who were born preterm which correlates
with foveal thickness and visual acuity [36].
Optical coherence tomography has also identified
differences in optic nerve head parameters by
race [37]. Recently, Tong et al. found a larger
cup and cup-to-disc ratio in preterm infants
imaged with HHOCT compared to fullterm
infants as well as a correlation between preterm
optic cup-to-disc ratio and cognitive develop-
ment at 18–24 months PMA [38]. Recently,
these differences in RNFL thickness between
term and preterm infants have been measured
while still in the nursery, with thinner RNFL
relating to both brain structure and neurodevel-
opment doi: 10.1016/j.ajo.2015.01.017 and 10.
1016/j.ajo.2015.09.015.

Optical Coherence Tomography in ROP

Because there is such a strong correlation
between structure and functional outcomes in
patients with ROP, OCT promises to revolu-
tionize the treatment of ROP by providing
valuable subclinical information about eye mor-
phology [39, 40]. Joshi et al. used time domain

OCT to confirm absence of macular involvement
of stage 4A retinal detachments before repair by
pars plana vitrectomy and first suggested that
subclinical anatomic abnormalities that can be
observed by OCT may explain differences in
outcomes for stage 4A vitrectomies [15].
Chavala et al. further demonstrated the utility of
SDOCT as an adjunct to traditional examination
techniques. They identified retinoschisis and
preretinal structures believed to represent pre-
retinal fibrovascular proliferation that were not
identified by conventional examination in three
patients with advanced ROP (Fig. 4.2, top left)
[41]. Muni et al. similarly report a case series
where ROP progressed after laser photocoagu-
lation presumably due to tractional retinoschisis
observed by OCT that remained undetected by
indirect ophthalmoscopy [42].

A more thorough study by Lee et al. evaluated
76 eyes of 38 infants by both HHOCT and tra-
ditional indirect ophthalmoscopy during routine
ROP exams. Masked graders then qualitatively
graded the OCT scans for the presence of pre-
retinal and retina findings. They found that 39%
of examinations revealed intraretinal cystoid
structures and 32% had an ERM on OCT while
these features were never identified by conven-
tional exam. However, indirect ophthalmoscopy
was able to identify ROP stage and status of plus
disease while OCT did not reveal this clinical
information [43].

Vinekar et al. similarly compared the SDOCT
imaging of patients with ROP to traditional
indirect ophthalmoscopy. They identified and
described intraretinal cystoid structures in 29% of
subjects with stage 2 ROP, none of whom had
cystoid macular edema (CME) identified on
clinical exam. They further characterized these
intraretinal cystoid structures as either elongated
with hyper-reflective septae between them and
causing foveal deformation and bulging (Fig. 4.2,
top right) or fewer intraretinal cystoid structures
which did not cause foveal deformation. Addi-
tionally, they note that no eyes with stage 1 ROP
or without ROP had these findings [16].

Maldonado et al. further characterized this
CME in preterm infants. They found CME in 50%
of the 42 preterm infants included in their study
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which most commonly appeared as multiple
elongated cystoid structures within the inner
nuclear layer (INL). The presence of CMEwas not
associated with ROP outcomes; however, central
foveal thickness, the thickness of the INL, and the
foveal-to-parafoveal ratio all served as markers of
CME severity. While these measures were greater
in eyes that required laser photocoagulation or
developed plus disease or stage 3 ROP, there was
wide overlap of measurements between ROP
severities. However, there were no associations
between CME and any systemic parameters [44].

The etiology of subclinical CME in subjects
with ROP remains unexplained. Some hypothesize
that a higher concentration of vascular endothelial
growth factor (VEGF) increases vascular perme-
ability and the subsequent formation of cystoid
structures. Maldonado et al. posit the CME “may
also reflect the contribution of increased intracap-
illary hydrostatic pressure as a result [of] vascular

congestion from plus disease” [44]. In another
report, one infant developed CME after beva-
cizumab treatment (used off-label as anti-VEGF
therapy for ROP) while three infants did not expe-
rience CME resolution after bevacizumab therapy.
Another possibility is these cystoid structures form
secondary to mechanical traction exerted on the
retina [16]. Although there are no recognized
markers of systemic health associated with CME, a
case report of an infant with hemochromatosis and
severe, bilateral CME that resolved with liver
transplant suggests there may be other unidentified
systemic health factors associated with CME [45].
It appears that CME does resolve on its own;
however, the long term clinical implications remain
unknown and require further study [16, 44, 46] doi:
10.1016/j.ophtha.2014.09.022 and 10.1097/IAE.
0000000000000579.

OCT has increased our understanding of
abnormal development of multiple tissue layers

Fig. 4.2 Top left, Three-dimensional representation of
clinically undetected preretinal structures identified using
spectral-domain optical coherence tomography (SDOCT)
in a former 650 g, 23 week post-menstrual age
(PMA) gestational age infant imaged at 37 weeks PMA
after receiving laser treatment for aggressive posterior
retinopathy of prematurity (ROP). Top right, SDOCT
B-scan reveals cross section of a former 940 g, 27 week
PMA gestational age imaged at 46 weeks PMA demon-
strating severe cystoid macular edema. Note the elongated
hypo-reflective spaces with intermittent hyper-reflective
stranding within the inner nuclear layer. Bottom left,

Three-dimensional representation of retinal vessels cre-
ated from SDOCT scan of a former 700 g, 25 week PMA
gestational age infant imaged at 42 week PMA with plus
disease. Tortuosity can be appreciated in all dimensions,
as opposed to traditional en face examination. Bottom
right, retinal surface map of a former 478 g, 23 week
PMA gestational age infant imaged at 34 weeks PMA
with plus disease represents vessel elevation, as a
consequence of vessel dilation, from the inner surface of
the retina. Image was produced by segmentation of
SDOCT scan and corresponds with adjacent en face
vascular pattern
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of the infant retina that can be affected by pre-
mature birth or by ROP. The most prominent
retinal finding on OCT in children with a history
of preterm birth and ROP is the notable persis-
tence of inner retinal layers. Recchia et al, in older
children and adults, reported an abnormal foveal
contour and the persistence of inner retinal layers
in those with a history of ROP [47]. Optical
coherence tomography allows for an appreciation
for the shallower and wider foveal pit in this
population [48]. Additionally, there is persistence
of inner retinal layers regardless of maximum
ROP stage observed [46]. Retinopathy of pre-
maturity appears to affect the development of
neurosensory tissue as well. There is thinner
RNFL in school-aged children born prematurely
with stage 3 and 4 ROP [49]. Tong et al. mea-
sured a shallower cup depth in stage 3 ROP or
ROP requiring treatment using OCT [38]. Last,
while Wu et al. noted a thinner choroid in patients
who had undergone treatment for ROP as well as
an inverse relationship between choroid thickness
and best corrected visual acuity, Park et al. only
noted a trend in thinner temporal choroid for
children with worsening ROP stage [50, 51].

Evaluation of vasculature is critical to the
diagnosis and management of ROP. To date,
OCT has only served as a useful adjunct to the
gold standard of indirect ophthalmoscopy when
characterizing the vasculature and evaluating
treatment options [52]. One limitation of this
technology has been the inability to reliably
characterize ROP stage and determine the status
of plus disease. Maldonado et al. recently created
a Vascular Abnormality Score on OCT (VASO)
in order to quantify vascular and perivascular
OCT findings associated with ROP. In contrast to
en face color fundus photography or indirect
ophthalmoscopy, OCT appreciates
three-dimensional vessel distortion, including in
the anterior–posterior direction (Fig. 4.2, bottom
left). This VASO tool is useful to qualitatively
evaluate OCT scans for vessel elevation and
severity of elevation, scalloping of the inner
plexiform layer and outer plexiform layer,
hypo-reflective vessels, and perivascular spaces.
Patients with plus disease had a significantly
higher VASO due to a greater incidence of vessel

elevation, hypo-reflective vessels, and scalloped
retinal layers. In addition, retinal surface maps of
subjects with plus disease demonstrated greater
surface elevation (Fig. 4.2, bottom right). While
the VASO system and retinal surface maps
require further validation before being incorpo-
rated into clinical practice, these tools suggest
OCT can provide new information regarding the
vascular abnormalities of ROP [53].

Optical coherence tomography has rapidly
evolved over the past 20 years and its clinical
applications will likely expand in the future.
While the initial cost of equipment may limit
some health care systems from implementing this
technology, the availability of OCT continues to
spread. Intraoperative OCT can assist in the
management of the complications of ROP, such
as retinal detachment and ERMs [41, 54]. OCT
was first introduced in the operating room with
the same portable, hand-held system brought to
the nursery to image infants and children
undergoing exams under anesthesia [55]. It has
now been integrated into the surgical microscope
to allow live cross-sectional imaging while
operating [56–58]. Color Doppler OCT, first
described in 1997, images fluid flow which
allows for in vivo imaging of blood flow and
subsequent three-dimension reconstruction of
blood vessels [59–61]. While Doppler OCT has
not yet been investigated in the context of ROP,
one can easily appreciate the utility of
cross-sectional visualization of blood flow in this
population. In addition, advances to the actual
OCT apparatus such as the development of a
hand-held swept source OCT system will allow
for faster data acquisition with greater precision
[62]. With so many advances on the horizon,
OCT promises to revolutionize the diagnosis and
management of ROP.

Wide Field Imaging and Fluorescein
Angiography

What Is Wide Field Imaging?

Evaluation of the peripheral retina is important
when diagnosing and monitoring treatment for
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patients with many pathologies, including
ROP. When discussing the field of view obtained
by an imaging device, one refers to the external
angle of light as it enters the eye, which is
determined by the focal length, dimensions of the
imaged object, and lens power. Fundus imaging
has traditionally been limited to approximately
30° field of view [63]. Fields of view have
expanded as individuals have altered the optic
systems of devices. For example, Pomerantzeff
could image nearly 150° of the retina with his
contact lens-based system that relied on both
trans-pupillary and trans-scleral illumination
[64].

The most commonly accepted wide-field
imaging tool currently in practice for the ROP
population is the RetCam 120 (Clarity Medical
Systems, Inc., Pleasanton, CA) which obtains up
to 130o digital fundus photographs with the
assistance of different contact lenses. First com-
mercially available in 1997, RetCam was quickly
adopted by the pediatric community as it allows
portable, supine imaging of the peripheral retina.
Because the image quality depends on having a
clear lens, RetCam typically produces much
poorer images in the adult population [63]. The
newer nonmydriatic Optomap Panoramic 200
scanning laser ophthalmoscope (Optos P200,
Optos, Dumferline, Scotland, United Kingdom)
allows for 180o–200o fundus imaging and is less
susceptible than fundus photo to media opacities
such as cataract [65]. The Optos’s ellipsoid
mirror creates two focal points which allows for
greater fields of view [63].

Several advantages and disadvantages exist
when comparing the feasibility of the RetCam
and Optos P200 MA to image infants. The Optos
P200 MA allows for greater field of view while
the RetCam will have more difficulty imaging
multiple areas simultaneously. As RetCam relies
on incandescent light while Optos uses dual laser
illumination with a more uniform focus, RetCam
may have a more difficult time imaging infants
with media opacities or small pupils. Image
acquisition time, very important when imaging
noncooperative infants with eye movement, is
longer for the RetCam system as the user must
refocus and reapply coupling media. However,

the RetCam system is portable which allows easy
imaging of supine infants in unique settings, such
as the nursery; the Optos system is traditionally
limited to outpatient imaging and requires infants
to be held in an upright position. The noncontact
image acquisition of Optos may reduce the
drawback of changes in vessel appearance from
ocular compression but also may introduce arti-
facts if there is matter between the device and eye
[66]. Because there are two laser wavelengths
used with Optos, this imaging system does not
accurately portray colors.

Wide Field Imaging and ROP
Telemedicine

The growing field of telemedicine has benefited
from these digital wide-field imaging tools.
These devices obtain fundus photographs and
videos of patients so they may be analyzed
off-site. While these technologies can be per-
formed by a technician or nurse with a more
flexible schedule than a pediatric ophthalmolo-
gist, the initial cost of the equipment can be
expensive and they offer less complete visual-
ization of the fundus and subsequently docu-
mentation of ROP compared to the gold standard
of indirect ophthalmoscopy [67]. By comparing
off-site digital photograph reading to traditional
indirect ophthalmoscopy and determining the
sensitivity and specificity in detecting ROP, we
can decide if digital wide-field imaging can serve
as a screening tool for ROP.

Multiple studies have demonstrated variable
sensitivity and specificity of ROP diagnoses by
RetCam versus indirect ophthalmoscopy [68–71].
Discrepancies in study protocols and aims when
comparing published results, such as sensitivity
and specificity of ROP diagnoses by RetCam, has
led to a standardized, prospective, multicenter trial
entitled “Telemedicine Approaches to Evaluating
Acute-phase ROP (e-ROP, www.clinicaltrials.
gov identifier NCT01264276).” The trial will
“evaluate the validity, reliability, feasibility,
safety, and relative cost-effectiveness of a
retinopathy of prematurity (ROP) telemedicine
evaluation system to detect eyes of at-risk babies
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who meet referral warranted ROP (RW-ROP)
criteria and therefore need a diagnostic evaluation
by an ophthalmologist experienced in ROP.”With
a planned enrollment of 2500 preterm infants
independently examined via indirect ophthal-
moscopy and by RetCam digital images at a
remote location, this study should determine
whether digital wide-field imaging can effectively
serve as a surrogate for traditional on-site oph-
thalmologic examination.

Wide-Field Fluorescein Angiography
and ROP

The incorporation of FA into wide-field imaging
promises to change how we monitor treatment of
ROP. In 2006, Ng et al. first presented the fea-
sibility of imaging the peripheral vasculature by
applying the fluorescein angiographic RetCam
digital system [72]. Lepore et al. have since
provided a more thorough atlas of the vascular
abnormalities associated with severe ROP. They
obtained images before and after laser photoco-
agulation and believe this helped determine
the efficacy of the ablation. Wide variability in
the time lapse from intravenous injection to the
arteriolar phase and then venular phase suggests
great variability in blood flow with these infants,
including in the choroid. The authors note
irregular branching patterns at the vascular–
avascular junction and even more variable vas-
cular findings, including dilatation of capillaries,
capillary tuft formation, and rosary-bead-like
hyperfluorescent lesions in the vascular retina
and posterior pole [73]. Purcaro et al. provide an
additional case series demonstrating the efficacy
of RetCam FA to characterize vessel branching at
the vascular–avascular junction and suggest dye
leakage may be a sign of progression to severe
ROP [74]. Additionally, RetCam FA can identify
vascular changes before they are detected with
traditional indirect ophthalmoscopy [75].

Several case series suggest wide-field FA is a
useful perioperative tool when monitoring the
treatment for different sequelae of ROP. For
example, Yokoi et al. obtained RetCam 120 FA
images before and after laser and surgical

treatment for six eyes with aggressive posterior
ROP. Pre-operatively, they could appreciate
capillary nonperfusion, shunting in vascularized
retina, and a circumferential demarcation line
while after treatment they could appreciate a
capillary-free zone, poorly developed disorga-
nized vessels, and an inhomogeneous capillary
bed [76]. The same research group reports the
utility of RetCam120 FA when securing sclera
buckles due to stage 4A ROP. All five eyes that
underwent scleral buckling demonstrated
pre-operative fluorescein leakage from fibrovas-
cular tissue. Between 7 and 20 days after suc-
cessful surgery, four eyes had decreased leakage
while one eye had no leakage [77].

The introduction of bevacizumab as an
off-label treatment for ROP offers another oppor-
tunity to advance patient care with the assistance
of wide-field FA. Wide-field FA can successfully
confirm the absence of pathologic neovascular-
ization and document vascular density and evo-
lution of anomalous vascular patterns after
bevacizumab treatment [78]. However, additional
studies suggest that wide-field FA can help mon-
itor for disease progression that may occur after
treatment because of the potential for transient
blockage of VEGF with bevacizumab versus the
long-acting down-regulation associated with laser
photocoagulation (Fig. 4.3). Hoang et al. provide
a case report of circumferential anastomosis at the
bevacizumab-induced regression site with future
anterior involvement observed by RetCam FA.
They report an infant with zone II, stage 3 plus
disease responded well to intravitreous beva-
cizumab. However, 2 months after treatment, a
second stage 3 complex formed anterior to the
original lesion with RetCam FA demonstrating
“anterior extraretinal fibrovascular proliferation
with leakage and a more posterior circumferential
vascular ring with associated telangiectasis but
without leakage” [79]. Hu et al. have additionally
documented this late reactivation of disease after
transient regression following bevacizumab as
observed with RetCam FA [80]. Visualization of
peripheral retina hemodynamics with the assis-
tance of wide-field FA clearly serves as a clini-
cally relevant adjunct to traditional indirect
ophthalmoscopy.
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Adapting the ultra-wide field Optos system to
incorporate FA can further visualize peripheral
retinal vasculature. Manivannan et al. first report
the use of ultra-wide field fluorescein angiogra-
phy in 2005 by imaging patients with diabetic
retinopathy and uveitis with the Optos Panoramic
200. The increased field of view allowed for
evaluation of peripheral retinal nonperfusion as
well as simultaneous comparisons of distant
lesions [81]. Recently, Fung et al. report the
successful FA imaging of three infants with ROP
with the Optos ultra-wide field view SLO. They
believe that such great visualization of neovas-
cularization in their case study allows for

accurate identification of avascular versus vas-
cular retina for targeted laser treatment. Addi-
tionally, intravenous access was not required as
oral fluorescein was mixed with infant formula
milk [82].

Conclusion

Recent advances in imaging promise to change
the diagnosis, treatment, and monitoring of
ROP. OCT allows for in vivo cross-sectional
retinal imaging of infants in the nursery and a
better understanding of how ROP can disrupt

Fig. 4.3 Top panels show fundus and fluorescein
angiography photographs of the right eye of an infant
after conventional laser and intravitreal bevacizumab
therapy for stage 3 zone 2 ROP. The infant was born at
25 weeks’ gestational age, with a birth weight of 570 g.
These follow-up photographs show areas of peripheral
retinal laser photocoagulation and interestingly neovas-
cularization anterior to laser treated area. Bottom panels
show fundus and fluorescein angiography photographs of

the right eye of an infant with history of intravitreal
bevacizumab therapy for stage 3 zone 1 ROP. The infant
was born at 26 weeks’ gestational age, with a birth weight
of 850 g. Although intravitreal bevacizumab treatment
was initially effective in inducing regression of ROP, the
effect was transient. Recurrent neovascularization (bottom
right), which was noted at 48 weeks PMA, is far more
visible on the angiogram than on the color fundus
photograph (bottom left)
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normal development of retinal and macular
microanatomy; vascular abnormalities can be
reconstructed in three-dimensions and appreci-
ated from other perspectives than in the tradi-
tional en face viewing. Wide-field OCT imaging
in the ROP population may allow cross-sectional
visualization peripheral neovascular tissue. The
digitalization of imaging allows for off-site
acquisition of large field-of-view fundus images
which can then be analyzed remotely. These
wide-field imaging tools can then be paired with
FA to monitor vascular flow, abnormal vascular
patterns, avascular retina, neovascularization,
and leakage. The transition of OCT and
wide-field FA from research to clinical practice
will serve as an indispensable adjunct to tradi-
tional imaging methods for infants with ROP.
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5Remote Imaging and Smart Software
for ROP Screening

Eric Nudleman and Michael T. Trese
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Retinopathy of prematurity (ROP) has been a
serious health problem since the 1950s [1, 2].
However, screening has been performed the
same way using indirect ophthalmoscopy during
the last half of the twentieth century to determine
the retinal changes of retinopathy of prematurity
[3]. Recently, retinopathy of prematurity has
been recognized as a serious health and medical
legal issue for the medical community [4–8]. The
screening for ROP has become increasingly
important as therapies have improved and suc-
cess rates are now acceptably high with con-
ventional treatment [3, 9, 10].

The screening however remains the key to
initiate such treatment in a timely fashion. With
the advent of digital imaging and telemedicine,
we now are able to perform screening examina-
tions with excellent documentation, medical

malpractice protection, and deliver outstanding
patient care [11–21]. It is important however that
the information be gathered and handled in a
fashion that achieves good quality and reduces
human error. Currently available, the RetCam
120 is an instrument that can be used to acquire
wide-angle digital fundus images [12, 19]. The
images are generally gathered by the NICU nurse
who is comfortable dealing with the small neo-
nate [22]. The image capturing requires some
training, the use of a lid speculum, a lubricating
gel, and an understanding of retinal anatomy.
Generally, six images are captured: the iris, to
show pupil size, which is important in the quality
of image that can be gathered due to the ring
illumination of the RetCam, the posterior pole—
superior, inferior, nasal, and temporal retinal
views are captured and sent for reading [18, 23].
(A complete description of this image-capturing
technique can be found at the FocusROP.com
website.)

The process of ROP is one which generally is
complete by 10 weeks after the due date, but the
critical treatment parameters are achieved during
the first several weeks to months of life. The
critical time period for intervention appears to be
somewhere between 31 weeks and 50 weeks
postmenstrual age [10, 24, 25]. The initial treat-
ment is often instituted during the period of
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hospitalization. Following image capturing, the
digital image material must be downloaded from
the camera at this time using a portable drive. In
the future, hopefully this will be improved to a
wireless transmission to a computer system that
can then upload images to a remote disease
management site such as FocusROP.

FocusROP is a HIPAA-compliant remote dis-
ease management software program that reduces
human error of the reader [26]. The readers
themselves, as well as the image-capturing per-
sonnel, require training and in many circum-
stances require examination to certify that they are
appropriately knowledgeable in ROP care (OMIC
insured ophthalmologists in the USA). Once the
images are sent to the website, they can be
retrieved anywhere around the world via the
Internet. The software contains an algorithm that
uses the best care paradigm from clinical research
trials for ROP screening and care. The photo-
graphic examinations are generally done weekly,
although sometimes one-half week examinations
are needed. The readers are notified by text mes-
saging that an image set needs reading, which
allows rapid interpretation. The children may get
one bedside examination prior to being discharged
from the hospital depending on demographics and
image findings.

Using digital image-handling software, these
images can then be compared one against the
other by the neonatologist, NICU nurse, the
ophthalmologist, and parents to see any intervals
changes in the child’s retinal vessels. This also
allows better coordinated care when expert
readers are requested [27]. For the first time, this
allows all parties to be dealing with the same data
set relative to ROP care. Previously the neona-
tologist had to take the word of the ophthal-
mologist for the retinal changes. With this type of
documentation, the neonatologist can see for
themselves how the eye is advancing and pro-
gressing, as can the parents, which can engender
a more cooperative spirit relative to the child’s
follow-up. Many of the problems of retinopathy
of prematurity are engendered when the child
does not return for proper follow-up care [5, 8].
Having digital imaging allows the patient’s

parents to be able to see how the retina is pro-
gressing and why the child may need further
follow-up and treatment. Another feature of the
FocusROP software is that the primary reader
can designate an expert to which the image set
can be sent and an opinion returned to the pri-
mary reader to use in their report to their NICU.

The imaging systems for ROP care today does
allow better documentation [16–20]. This docu-
mentation however also needs to be archived for
22 years [28], which the FocusROP system can
do and many hospitals have the capability of
doing this themselves (see Fig. 5.1).

The FocusROP (2.0) software is a smart
software image-handling program that attempts
to eliminate two areas of human error. The Focus
program takes images that are captured by the
NICU nurse—a pupil image, a posterior pole
image, a temporal nasal image, superior and
inferior image. The images are uploaded in a
pattern that is familiar to the ophthalmologist and
seen in Fig. 5.1. Images are then montaged into a
single image that needs to be read or analyzed in
addition by the ROP Tool. The algorithm in the
FocusROP program determines whether or not a
bedside examination is required or if a repeat
photographic examination is required.

The errors that are possible are first, the nurse
uploading the images into the program to be sent
to the FocusROP website. The FocusROP and
montaging software is capable of identifying
images that were loaded into the wrong location
and correcting that to allow proper montaging.
The individual images are also available to the
reader since the reader wants them in that fash-
ion. The reader can also manipulate the bright-
ness, contrast, and color hue to maximize reading
images. The other most common doctor error is
that the examination schedule is made too long
and the computer program can be set to a time
frame that is unable to be changed and is of an
appropriate examination schedule given the
findings. These systems, coupled with the use of
the ROP Tool to give an indication of plus dis-
ease [29, 30], allow a very safe examination
technique for retinopathy of prematurity
screening.
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It would seem that this type of examination is
becoming the standard and the interpretations
could be done initially by physicians and
non-physician readers, information sent perhaps
to the neonatologist who could in fact make the
diagnosis based on the information given to them
in a safe and reliable fashion, reducing the number
of ophthalmology examinations that are needed in
the NICU. The role of the non-physician reader
has been validated by the EROP Study [31].

Retinopathy of prematurity (ROP) manage-
ment has changed greatly over the last 20 years
and continues to evolve. Currently, with appro-
priate screening that allows appropriate treatment
intervention, the failure rates resulting in blind-
ness for retinopathy of prematurity are reduced to
a level of 1–2%, with 90% success of laser [10,

32–35], and 90% success of early lens-sparing
vitrectomy [36–40]. The key however to this
treatment advantage is appropriate screening. As
less than 20% of premature infants with the risk
of ROP end up with treatment, it is possible that
physicians may be encountering disease at an
infrequent rate. Therefore, it may be that the
detection of disease is reduced by this infrequent
nature of the severe manifestations of retinopathy
of prematurity. In many areas of medicine, tele-
medicine and computer-driven programs are
being looked at and used for supplying the
physician with information that allows them to
make a diagnosis. An example is cardiograms are
now often analyzed by computer program giving
the physician information that they can use to
interpret the patient’s cardiogram [41].

Fig. 5.1 This is a copy of a FocusROP report, which can include images of the retina with Zone 1 drawn or montaged
images
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It has been known for many years that plus
disease is the key change in the fundus which
triggers a treatment event [25, 42–44]. A com-
puter program referred to as the “ROP Tool” is a
program that gives a number that can be helpful in
the determination of plus disease [45]. Plus dis-
ease, defined as dilatation and tortuosity in the
posterior pole, is something that can be captured,
most often quite well, with photographic docu-
mentation [29, 46]. The photographs can be ana-
lyzed and receive a value based on dilatation and
tortuosity. Dilatation is very photographically
dependent; whereas, tortuosity can be interpreted
by a non-physician reader quite readily [31].

In order to test the hypothesis that the ROP
Tool program can match the need for referral-
warranted ROP or treatment-warranted ROP, a
validation study was designed. Fundus pho-
tographs of 335 eyes were read by three experts
using the FocusROP software, and then com-
pared to quantitative analysis by the ROP Tool.
A scale (0–4) was used by the readers to grade
tortuosity. If any photograph was >0, the images
were classified as a case. In total, the study
included 84 cases and 251 controls. The analysis
performed well for identifying tortuosity, but was
unable to accurately distinguish dilation in cases
from controls. The area under the tortuosity line
in a receiver operator curve was 0.918 (95% CI),
demonstrating that the ROPtool has a high dis-
criminatory power in differentiating tortuosity
between cases and controls (see Fig. 5.1). As a
clinical tool, this study demonstrates that the
software can provide a sensitive assessment of
the need for examination of a child by an ROP
expert, potentially reducing cost while delivering
quality care.

Virtual Pediatric Retinal Reading
Center

The complexity of some forms of pediatric retinal
diseases is contributed to by the fact that many of
these diseases are rather rare and require a multi-
tude of imaging and diagnostic techniques that are
not always easily available to every physician. For

that reason, we have established a Pediatric
Retinal Reading Center, which can be used to seek
advice relative to more complex pediatric retinal
issues. These issues include retinopathy of pre-
maturity, pediatric retinal vascular diseases such
as familial exudative vitreoretinopathy, persistent
fetal vasculature syndrome, Norrie disease, Coats’
disease, and other retinal vascular anomalies.
Oncology may also be added to this system
allowing lesions such as retinoblastoma, retinal
hamartomas, and vascular tumors to be evaluated
by a group of expert ophthalmologists. This type
of electronic consultation is becoming more and
more popular and available in a fee-for-service
type of package that generates a usable report that
can be shared with patients. The access to the
Pediatric Reading Center will be available in the
first quarter of 2015. The reading center itself may
contain some technologies not available in other
locations such as use of the ROPtool as has been
discussed previously in this chapter. The ability to
montage images can allow further analysis of
lesion measurements. It also can integrate imaging
techniques such as wide-field fluorescein angiog-
raphy, color fundus photography, optical coher-
ence tomography, and ultrasound. These image
sets in the future may also be integrated with
genetic findings as more and more genetic infor-
mation becomes available relative to pediatric
retinal diseases. This type of information, since it
is available via the Internet, can be delivered to the
doctor in a very time efficient fashion after the
physician becomes a registered user of the Pedi-
atric Retinal Reading Center service.

The Pediatric Retinal Reading Center can also
be used for national and international randomized
prospective controlled clinical trials as images can
be analyzed and returned to treatment centers in a
very rapid fashion globally. A worldwide distri-
bution of information can be gathered that should
allow in-depth analysis of what can be very useful
information data sets on some diseases that are
rare enough that no single physician may be able
to accumulate in a meaningful number of patients.
The imaging should allow reliable diagnostic
information and in some circumstances, the
Pediatric Retinal Reading Center may be able to
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allow entry of vascular active diseases such as
retinopathy of prematurity with a description of
activity that assures that equally active eyes are
being entered into randomized therapeutic
selections.

In all, the Pediatric Retinal Reading Center
should bring a service to physicians who deal
with pediatric retinal diseases and allow them to
not function in isolation, but with the support of
several other physicians interested in pediatric
retinal disease worldwide.

In summary, ROP screening in the twenty-first
century involves the team approach of NICU
nursing, physician readers, involvement of parents
in the long-term care of their child and use of
digital imaging and smart software to quantitate
the exam. All of these features supply better
patient care, mitigates malpractice issues for
physicians and hospitals and brings the screening
for ROP truly into the twenty-first century using
the Internet, which now is so common to manage
our banking and social networking, and can also
be used to give us ideal patient screening for
retinopathy of prematurity. This paradigm results
in better medicine, better documentation, and less
expense than currently exists for ROP screening.
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APROP is an uncommon form of
ROP. Untreated, eyes with APROP rapidly pro-
gress to retinal detachment and blindness. How-
ever, early recognition and prompt treatment
often allow for effective management. This
chapter updates the category of APROP with a
more complete discussion including a detailed
description of the features, a range of photo-
graphic examples, a discussion of more types of
APROP, a treatment of diagnostic challenges,
and recognition of earlier APROP in order to
increase the opportunities for successful treat-
ment. We also discuss the challenges and the
alternatives for its practical treatment in order to
improve outcomes.

In 2005 the term APROP was coined and
presented as a special form of ROP as part of the
revisited International Classification of
Retinopathy of Prematurity (R-ICROP) [1].
Before 2005, this severe form of ROP was
described rarely and inconsistently, and a variety
of terms were used that emphasized particular
aspects of the condition: Rush disease [2, 3],
zone I ROP [4–7], Fulminate ROP [8, 9], and
[Japanese] type 2 ROP [10]. Currently, the
descriptive power of the term “APROP” has
supplanted all previous terms and remains both
the best descriptor and most generally accepted
term for this subset of ROP. Therefore, use of the
term APROP is most helpful for communication
among ROP clinicians and researchers. In this
chapter, we join others in the literature and des-
ignate as “Classical ROP” (CROP) the more
common form of ROP with the typical stages,
described in the original ICROP published in
1984 [5, 11–13]. Although described in the
original International Classification of Retinopa-
thy of Prematurity (ICROP) [14], we generally
rely on the more recent descriptions of CROP in
the 2005 R-ICROP because it was better docu-
mented using RETCAM imaging.
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Part 1 Critiques of the R-ICROP
Description of APROP

The R-ICROP description of APROP was a
landmark. It remains the basic tool for recogni-
tion of this very dangerous, yet treatable form of
ROP. R-ICROP functioned well to deliver the
critical message that APROP was a rapidly pro-
gressive and difficult to diagnose condition. Prior
to R-ICROP, approximately 25% of the retinal
detachments referred to our tertiary ROP practice
arose from missed APROP. This declined sig-
nificantly after the publication and consequently
blindness was reduced. Currently, R-ICROP
remains the standard description for physicians
engaged in the care of acute ROP. However, after
10 years it is time to reevaluate this description.

The major success of the description was its
influence on decision-making regarding treat-
ment. After publication of R-ICROP APROP
eyes were more effectively treated because the
description encouraged the treatment of eyes with
“prominence of plus disease” (Fig. 6.1) in the
posterior retina without diagnostic equivocation.
Once prominent plus was seen, there was no
requirement for technical zone 1 location or
specific features of stage 2 or 3 in order to diag-

nose APROP. In practice, plus disease became
the treatment trigger for treatment. The physician
was freed of the burden of documenting stage 3
and could treat eyes with posterior disease that
was hard to see or hard to categorize because the
term “ill-defined retinopathy” included every-
thing except well-defined CROP. The R-ICROP
description caused an attitudinal change that has
prevented blindness and is now a fundamental for
treatment of APROP. Although later in the
chapter we will suggest treatment for additional
cases that are destined to become APROP, we
strongly support the treatment of all eyes showing
prominent plus disease and posterior ROP.

We found two substantive limitations in the
R-ICROP description of APROP: First, R-ICROP
presents APROP with very heavy emphasis on
the severe case, with “prominence of plus dis-
ease”, which requires immediate treatment. In
particular, the statement “can be diagnosed on a
single visit and it does not require evaluation over
time” essentially applies to the moderately severe
and severe disease. In fact, ROP that is destined to
become APROP does not arise from CROP. ROP
that is destined to reach APROP may often be
identified before development of prominent plus
disease. The pre-APROP (or early APROP) eye

Fig. 6.1 (Right eye) Example of prominent plus disease with tortuosity of arteries in four quadrants and venous
dilation in four quadrants and venous tortuosity in the nasal quadrant. The nasal quadrants showed more vascular
activity with dilation and tortuosity of second- and third-order arterioles and venules than the temporal quadrants. There
is no agreed-upon standard for the term prominent plus disease (RETCAM 80 degree lens)
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has predictable features that often present with
pre-plus and show minimal changes at the
vascular–avascular junction or a thin demarcation
vessel without distinct neovascularization

(Fig. 6.2). Pre-APROP may also present with
minimum plus (less than prominent plus) disease
and thick demarcation vessels or fine vessel
neovascularization (Fig. 6.3). The lack of

Fig. 6.2 Superior view of right eye of the patient seen in
Figs. 6.8 and 6.9. A demarcation vessel is seen at arrows.
Hemorrhages associated with neovascularization are
within circles. Neovascularization appears indistinct as a

pink sheet above retinal vessels and obscures details. In
this eye, the NV appears slightly posterior to the circum-
ferential vessel

Fig. 6.3 (courtesy of H.
Hayashi) Japanese type 2
ROP notes the clear demar-
cation vessel indicated by a
set of long arrows. This is
definite APROP despite the
absence of posterior plus
disease. Evaluated alone,
the posterior frame does not
show pre-plus
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recognition in R-ICROP of milder APROP leads
to unhelpful delay while waiting for prominent
plus disease [15].

Clinically there is a surprising consequence to
this definition. Since the R-ICROP description of
APROP required prominent plus disease
(Fig. 6.1.), it excluded an APROP equivalent to
early treatment of ROP (ETROP) [16] type 1
ROP. For example, there is no equivalent of
stage 3 zone I without plus in this definition of
APROP. In fact, there is also no true equivalent
ETROP type 1 ROP category for APROP stage 2
or 3 with minimum plus, since prominent plus is
more than minimal plus and occurs later.
Therefore, the ETROP moment for indicated
treatment (type 1 or high-risk prethreshold) has
no technical APROP equivalent. This diminishes
the key contribution of ETROP: that treatment at
type 1 ROP had a better response to treatment
than the CRYO-ROP threshold ROP. The
R-ICROP definition of APROP may result in its
being treated later in the disease process closer to
CRYO-ROP [17] threshold ROP while CROP is
treated at ETROP type 1 ROP. This may con-
tribute to more unfavorable outcomes in eyes
with APROP.

Second, R-ICROP did not provide a distinct
category with specific diagnostic criteria of
APROP. ICROP described the characteristic
features for APROP as “posterior location,
prominence of plus disease, and the ill-defined
nature of the retinopathy.” However, since pos-
terior location is also seen in zone I CROP and
prominence of plus disease can be seen in severe
CROP these features do not distinguish APROP
from CROP. Moreover, using the description
“ill-defined” also did not help identify any
specific findings that distinguish the diagnosis of
APROP from CROP. Although some examples
were provided in the figures, there was no
specific criterion to identify retinopathy that
meets the description of “ill-defined.” This lack
has resulted in an APROP literature that is very
hard to interpret. It is especially difficult to

interpret articles that lack photographic docu-
mentation [18, 19].

Part 2: Practical Diagnosis
and Management of APROP

The diagnosis of APROP becomes more helpful
when it allows earlier identification and earlier
treatment because the response to early treatment
improves outcomes as seen in the ETROP study
(15). Therefore, the practical objective is to
diagnose eyes destined to reach APROP, for
example, when plus disease is mild, minimal, or
only pre-plus disease is present. For this diag-
nosis two elements are needed: (1) a reliable
positive finding of APROP, when prominent plus
disease may not be present; (2) a basis to suspect
APROP may be developing.

In our opinion, the most specific positive
finding of APROP is neovascularization com-
posed of fine vessels [20] at the border zone
between vascular and avascular retina (Figs. 6.2,
6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11 and 6.12).
Neovascularization is the purely vascular form of
fibrovascular proliferation (stage 3). Because of
the lack of opaque fibrous elements, the neo-
vascularization may be very low contrast and
blend into the background. In the R-ICROP this
low contrast neovascularization was referred to
as “ill-defined” “deceptive” “featureless” and
“modest”. This particular language implied that
this feature might be easily missed by routine
exam. Often, the fine vessels of APROP are not
in perfect focus and/or not adequately magnified,
therefore, the neovascularization functions as a
partially transparent pink overlay that subtly
distorts or colors the details of the retina. The
transition in color and details may be the key
observation. In distinction from the subtlety of
APROP, most ROP eyes show high-contrast
CROP and the presence of stage 1, 2, or 3 is
readily seen with a brief exam. The routine
screening exam reflects this reality.
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Unfortunately, this exam routine cannot detect
fine vessel neovascularization. In order to detect
pre-APROP as a type 1 ROP equivalent, the
clinician must take the extra time required to
make critical observations. Taking extra time on
every exam is burdensome; therefore, identifica-
tion of APROP suspects is helpful.

We define APROP suspects, as eyes with a
mismatch between the clinical picture and the
visible ROP stage or with particular red flags

described below. Normally young eyes in zone I
show attenuated vessels and an involuting hyloi-
dal artery remnant may be detectable. Over time,
the vessels dilate to a normal appearance and at
that time normal retinal vessel development
anteriorly is expected. Eyes with normal caliber
and immature vessels in and near zone I must be
examined as suspicious, and that suspicion
increases if the vessels do not grow anteriorly from
week to week. The suspicion is heightened by

Fig. 6.4 Temporal view of same eye as Fig. 6.1. There
is a mild lobular configuration. There is a demarcation
vessel (long arrows). The fine vessels are not clearly seen
temporally but are suspected as the explanation for the

increased loss of clear view of blood vessels as one
follows the vessels to the periphery indicated by short
arrows. Higher magnification and improved focus may be
achieved with indirect ophthalmoscope

Fig. 6.5 Nasal view of same eye as Fig. 6.1. Prominent
plus disease is present. Nasal vessels terminate with a
vascular blush that reflects the extensive band of fine
neovascularization. Arrows denote the posterior border of

the neovascular band. Posterior Termination is zone
1. CROP is absent. No foveal reflex is present. A light
halo is seen at the posterior edge of avascular retina (Mach
Band) without a “definite structure” and is not stage 1 ROP
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anterior vascular dilation without CROP stage 1 or
stage 2 (Figs. 6.3, 6.4, 6.6, 6.12, 6.13 and 6.14a).
Additional, red flags include: (1) annular,
c-shaped or arc-shaped hemorrhages that often
arise adjacent to neovascularization (Figs. 6.8,
6.9, 6.10, 6.11 and 6.16), (2) retina vessels that
lose detail or disappear as they approach the
avascular retina (Figs. 6.2, 6.4, 6.5, 6.7, 6.8, 6.9,

6.11 and 6.12), and (3), persistent dilated tunica
vasculosa lentis (papillary membrane) (Fig. 6.17).

In most cases, the view of the retina provided
by indirect ophthalmoscopy is not ideal for the
visualization of fine vessel neovascularization.
Detection of similar fine neovascularization in
proliferative diabetic retinopathy usually uses
higher magnification optical systems than

Fig. 6.6 This shows recurrent APROP 11 weeks after
injection of bevacizumab. The original diagnosis was
APROP and the recurrent neovascularization shows flat
brush boarder fronds extending anterior from

arteriovenous anastamosis (arrows and NV) without the
opaque elements seen in classic stage 1, 2, or 3.
(RETCAM 80 degree). The arteriole is marked with a
and venule with v. They anastamose behind the fronds

Fig. 6.7 RETCAM 130 image shows a left eye with
prominent plus disease with arterial and venous tortuos-
ity. Superiorly, an extensive band of neovascular prolif-
eration is seen as a vascular thickening or sheet above the
retina that obscures the retinal vessels as they approach

the junction of vascular and avascular retina. Again a
slight halo, but no definite structure is seen at the edge of
the avascular retina (a Mach band). Note dark artifact
from small pupil at the lower right part of the frame
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provided with standard indirect ophthalmoscopy.
Therefore, in order to see these fine vessels with an
indirect ophthalmoscope, one must employ
strategies to improve resolution. They include
adequate pupil dilation, clear media, magnifica-
tion, improved focus, glare reduction, and control
of movement. Dilation may require stronger
pharmacologic agents. Magnification will require
a 20-diopter lens. Glare reduction may require
turning off the nursery’s overhead lights or side-
lights. Focus may require optimization of the

working distance and angles of the condensing
lens. The infant may need to be moved out of the
bassinette onto a flat surface in order to allow
proper working distance. Movement blur may
require an assistant to hold the baby’s head. Taken
together these steps require that the clinician slow
down in order to include or exclude the fine neo-
vascularization of APROP. Excluding fine vessel
neovascularization of APROP requires an excel-
lent quality of exam and pattern recognition that
comes with experience.

Fig. 6.8 Retcam 130 of left eye shows prominent plus
disease with tortuosity of arteries and veins. Subtle
vascular proliferation is present posterior to the junction.

An annular hemorrhage is present. A modest light halo at
junction is seen again. Note dark artifact moved to
superior temporal area

Fig. 6.9 RETCAM 80 degree photograph of the same
eye as Fig. 6.8 shows loss of retinal vessel detail
approaching the junction since they are obscured by
overlying fine vessel neovascularization (especially at
arrows). Hemorrhage surrounding an area of new vessels

(arrowhead) is demonstrated. The halo seen in the
previous photograph is not a definite retinal structure
and may represent a Mach band or a change in the
choroid. Note the dark artifact seen in Fig. 6.8 of this
same eye is reduced in the 80 degree lens view
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APROP proliferation has a range of appear-
ances and configurations and their recognition
can be improved by studying photographs. Many
photographs were included with this chapter and
more are available at our blog (URL: http://
aprophelp.blogspot.com). Studying these pho-
tographs may also enhance the examiners pattern
recognition of neovascularization and suspicious
findings associated with APROP. Review of the
text and photos in R-ICROP is also recom-
mended; however, we consider two of the photos

in R-ICROP at a later stage of APROP than ideal
for a good structural outcome.

Since in APROP, CROP stage 1 and stage 2 are
not displayed, APROP may appear to transform
from immature to full active APROP. However,
APROP is not a transformation but rather a rapid
development. The evolution from immature to full
form in some cases takes only 2 weeks, which is
much faster than CROP. During this develop-
mental interval, examination of posterior vessels
will usually show pre-plus disease (Figs. 6.3 and

Fig. 6.10 Left eye shows a pink blush of vascular
proliferation posterior at the junction. The vessels
posteriorly show pre-plus disease and they remain dilated

as they extend to the junction. Following the artery
(a) and vein (v) an arterior-venous anastamoses is seen.
A frond of vessels grows from anastamosis (arrow)

Fig. 6.11 This 80 degree RETCAM image shows
prominent plus disease with fine neovascular fronds at
the vascular–avascular junction with areas of retina and
vitreous hemorrhage. The fronds are elevated into the

vitreous (arrows). Vitreous hemorrhage contributes to
degraded view. Limited depth of field reflect focus above
the retina plane
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6.10 and 6.14a). Instead of a line or ridge, the early
findings are: (1) vascular dilation posterior to the
junction (Figs. 6.10 and 6.14) (this feature may be
seen posterior to stage 1 in CROP), (2) posterior
intraretinal shunt vessels (Fig. 6.18), (3) limited
arteriovenous anastamoses (Figs. 6.6, 6.10 and
6.16) (4) extensive circumferential anastamoses
(Figs. 6.4, 6.5 and 6.18), and (5) peripheral shunt
vessels (Fig. 6.2 and 6.3). These have also been

called demarcation vessels [3]. The retinal vessels
may also show general dilation rather than just
dilated tips. The circumferential demarcation
vessel [21] is a stage 2 equivalent in APROP [8].

In APROP, proliferation starts as a fine frond or
network of vessels growing from an anastamosis
in the border zone (Figs. 6.3, 6.6, 6.9, 6.10 and
6.11). This neovascularization has been called
“flat neovascularization”, because it appears flat

Fig. 6.12 This RETCAM 130 image shows prominent
plus disease. The fovea is not vascularized and the vascular
retina has a lobular pattern. The flat neovascularization is
present and best documented superior temporal but is
present around most of the circumference. Inferior

temporal there is a white line (arrows). This is not CROP
stage 1, which is a distinct line in flat retina, but rather
fibrous proliferation in an area of vascular contracture
causing local retina elevation

Fig. 6.13 Vascular loops with capillary dropout are a
common finding in OIROP found in large babies with
uncontrolled oxygen supplementation. This is especially
suspicious beyond posterior zone 2. This photo was from
a smaller baby but we also suspect an oxygen-induced

component when we see this pattern. Liberal oxygen use
may occur in infants with concurrent illnesses. CDO
labels large areas of capillary dropout surrounded by
vascular loops. Prominent dark artifact from small pupil
is present using RECAM 130 lens
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compared to CROP stage 3. OpaqueCROP stage 3
can also give a heightened elevated appearance
related to its high contrast. Frequently, APROP
proliferation starts as growth along a thin plane
above the retina. It also appears especially flat
when using the 130-degree RETCAM images.
OCT shows it above the retina. In many cases, it

will progress by growing anteriorly along the
retina and then thicken to become more brush like
(Fig. 6.6, 6.10, and also clasic example in blog ).
The flat pattern is one of the several neovascular
configurations. In other eyes the neovasculariza-
tion grows as a tangle of blood vessels (Fig. 6.2,
6.3, and 6.7). Some photographs show this broad

Fig. 6.14 Foveal Vascularization: a APROP prior to
bevacizumab injection. Note that temporal macula is
avascular and foveal vasculature is incomplete. Also note
dilated AV shunt superior to fovea. b Three weeks and
3 days after bevacizumab injection. Perifoveal vascular
ring is nearly complete. c Two month and one half
months after bevacizumab. Temporal macula is largely

vascularized. d Fluorescein angiogram shows foveal
avascular zone with few microaneurysms. Laser ablation
of persistent avascular retina was performed at this visit.
e Four months after bevacizumab and two months after
laser. Foveal depression is seen in center. f Fluorescein
angiogram shows the perifoveal vascular ring is irregular
but clearly present
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Fig. 6.15 This is cicatricial phase APROP of a flat
neovascular network after bevacizumab and subsequent
anterior growth of vessels. Untreated APROP will in time
gain opaque fibrous elements. This is not CROP stage 2

or three, but rather represents a maturation, opacification,
and contraction of the neovascular interstitial tissue and
progression toward retinal detachment

Fig. 6.16 Three months
after bevacizumab injection
posterior recurrence is seen.
a Shows the color photo-
graph with an anterior ridge
areas of round annular and
arc-shaped hemorrhages
and no plus disease. b The
angiogram shows the
hemorrhages that surround
fine vessel neovasculariza-
tion posterior to a irregu-
larly perfused capillary bed
and anterior ridge
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flat growth while others show thickening and
extension into vitreous (Figs. 6.7 and 6.11). The
fine vessel neovascularization is not required to be
flat in order to progress as APROP. As a rule
APROP, neovascularization is composed of fine
blood vessels and CROP has opaque fibrovascular
tissue that ranges from red to light pink. Ultimately
both will involute into white fibrous tissue
(Figs. 6.12 and 6.15). APROP eyes will progress
to involution with a low-contrast, difficult-to-
detect neovascular proliferation and detach more
quickly. There is a range of neovascularization,
and in the R-ICROP description any form of

vascular proliferation other than CROP stage 3 (or
stage 2 popcorn) is definitive for APROP. How-
ever, where R-ICROP requires prominent plus
disease, we suggest that feature should not be a
prerequisite for all forms of APROP.

After the retina vessels gain moderate plus
disease, especially if this is a rapid increase in
plus activity, the iris and pupillary vessels may
increase in prominence and become reperfused.
The hyaloidal arteries may also re-perfuse. Since
these vessels may obscure the view of the fun-
dus, the best time to treat is when minimal plus
disease appears.

Fig. 6.17 Iris and pupillary membrane vessel engorge-
ment is always accompanied by severe plus disease as
defined by the dilation and tortuosity of the retinal
vessels. Plus disease with CROP stage 2 or 3 or APROP
are indications for treatment. However, this situation

reduces the ability to dilate the pupil and to see the details
of the retinal pathology. The presence of APROP must be
considered regardless of the barriers to examination.
Photograph was taken with RETCAM external lens and
handheld slit-lamp for illumination

Fig. 6.18 A higher magni-
fication and deeper focus
(RETCAM 80) of Fig. 6.5
shows extensive intraretinal
shunting posterior to the ne-
ovascular band. The arrow
indicates one example

60 M.J. Shapiro et al.



Using the RETCAM retinal camera, the
130-degree lens will often not allow high reso-
lution and there is often a prominent central dark
artifact (Figs. 6.8, 6.12, and 6.20). The
130-degree lens best images eyes with blonde
fundus pigmentation. Many of the dramatic
RETCAM advertisements feature blonde fundi.
The 80-degree lens although relatively bulky, is
very helpful in this situation, both for the reso-
lution and for reduction of the central dark arti-
fact. In non-blonde eyes it is essential.
The RETCAM also has little depth of field and
the fine vessels require some fine-tuning in order
to focus the image (Figs. 6.8 and 6.9). The
central dark artifact is plainly present in many
figures included in papers on APROP [13, 17,
22].

Fluorescein angiographic study may also
bridge the gap of low contrast and pupil artifacts
that often lead to poor detail in color RETCAM
photography, and show special features that
when taken with the color photograph are diag-
nostic. The most important is that fine vessel
neovascularization will be highlighted and show
severe leakage over the course of the angiogram
transit and late phases. The posterior capillary
non-perfusion and abnormalities, and a circum-
ferential vessel may also appear. Eyes with active
pupillary vessels and tunica vasculosa lentis will

leak fluorescein from the anterior segment and
this may degrade the retina vessel study.

Occasionally, vascular loops (Fig. 6.13) are
seen on fluorescein angiography. We interpret
this as loss of capillary perfusion with retention
of larger arterioles and venules. This is different
from a primary defect of angiogenesis and points
to an event of vascular damage such as
oxygen-induced ROP (OIROP). We also expect
some role for the OCT observations on our
understanding of the evolution of APROP and
the effects of treatment. OCT shows neovascular
growth above the retina plane.

In our opinion, APROP fine vessel neovas-
cularization is at least as dangerous as CROP
stage 3 and should be treated using the ETROP
criterion for type 1 ROP and not later. Therefore,
fine vessel neovascularization and minimal plus
disease should be treated with minimum delay in
both zone I and zone II. This is equivalent to
stage 3 with plus and is part of the ETROP
indication for laser treatment. Also, the rare cases
of fine vessel neovascularization without plus
disease in zone I, should be treated as type 1
ETROP. In the ETROP study, eyes showing
stage 2 with plus disease were also treated with
laser. We consider the circumferential demarca-
tion vessel equivalent to stage 2 and when plus
disease is seen with a dilated demarcation vessel,

Fig. 6.19 This is a recurrence after injection of beva-
cizumab. The neovascular proliferation lacks the fibrous
elements and there were no signs of CROP stage 1 or 2 at
the anterior avascular junction. In this case, the

neovascularization is composed of fine vessels that are
low contrast and is seen at the original junction. The
arteriovenous anastomosis is marked with an x and this is
the base of the recurrent neovascularization
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we think laser treatment should be very strongly
considered.

Finally, fine vessel neovascularization and
only pre-plus in posterior zone 2 is still a gray
situation that we leave to clinical judgment and a
case-by-case evaluation. Treatment in cases with
definite pre-plus that borders on plus disease may
be prudent. However, intensified observation
may also be considered in order to catch the
moment of mild plus disease. We oppose delay
of treatment once plus disease is reached because
the risk of blindness far outweighs the ocular risk
of treatment in posterior ROP even with mild
plus disease. Of course, in this group, which
includes seriously unwell infants and requires
longer procedures, the systemic risk from stress
of the anesthesia and laser treatment requires
evaluation by the neonatologist.

We consider these features as additional criteria,
because the fine vessels are in fact “ill-defined”
“deceptive” “featureless” and “modest”, and they
are often missed on examinations. Therefore, cases
with prominent plus, moderate and severe plus
disease, even in the absence of proliferative
retinopathy, CROP stage 3 or APROP neovascu-
larization, still require treatment using the plain
understanding of the R-ICROP description of
APROP. We strongly agree with this established
practice and do not demand that the examiner to
identify neovascularization before treatment
because the most likely reason for not seeing the
proliferative retinopathy is a barrier to observation.
Severe APROP may be especially difficult to

determine because the anterior segment is often in a
high vascular flow state with a dilated persistent
vascularized pupillary membrane, tunica vasculo-
sum lentis, or engorged iris vessels (Fig. 6.17).
This small pupil is simultaneously a barrier to
observation and an important clue for APROP.

In the event that moderate proliferation con-
tinues undetected, the next phase in APROP is
bleeding from the delicate vessels. Initially, the
hemorrhage may appear adjacent or around the
neovascularization (Figs. 6.2, 6.8, 6.9 and 6.20)
and this is also a strong clue to look for the fine
neovascularization. The bleeding is more serious
if it extends into the vitreous (Fig. 6.11). Vitre-
ous hemorrhage is a sign of progression toward
detachment [23–25]. On the path to retinal
detachment, the blood vessels will usually show
fibrous tractional elements. These are quite
ominous. These cicatricial changes may also be
another source of diagnostic confusion. The
fibrous tissue may be confused with CROP
instead of late APROP (Figs. 6.12 and 6.15)

Part 3: Additional forms of APROP

Oxygen-Induced APROP (Fig. 6.13)
There is a second form of APROP that is critical
to recognize. Although it was first beautifully
documented in India, it is not limited to India. It
has four major distinctions from the first form of
APROP [9, 23, 26, 27]. (1) It occurs in situations

Fig. 6.20 A partial
c-shaped hemorrhage due
to bleeding from the edge
of neovascularizarion that
was induced after laser,
despite a good regression
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of systemic stress, most commonly the use of
unblended, unmonitored, and uncontrolled oxy-
gen supplementation. (2) It occurs among much
older infants with gestational age, 28 weeks
mean and around 30 weeks median, with birth
weights often above 1250 gm. (3) The APROP
findings often are not in zone I and may be in
mid zone II. (4) The angiogram shows a special
pattern of an ablative retinopathy. The ablative
pattern shows capillary drop at before loss of
larger vessels giving a large vascular looping
appearance with dark vascular empty areas in the
center. In some more severe cases, the preceding
step is also reversed and larger vessels close with
hemorrhages of venous stasis and occlusion. This
regression of retinal blood vessels increases the
extent of non-perfused retina that becomes
ischemic. In mild cases, withdrawal of the
excessive supplemental oxygen may be helpful
or even curative. However, many of these infants
will go on to develop proliferation with an
APROP fine vascular neovascularization and
they need treatment. Another possible difference
between OIROP and low gestation APROP is the
foveal vasculature, which may develop more
normally after OIROP in large older babies since
this period of development is farther along when
the ROP begins. Finally, as expected, the pattern
of vascular retina is not the usual butterfly shape
around the nerve. Since capillaries will grow
from vascular branches, some notching will
occur at the border of the intersecting capillary
growth zones.

Oxygen induced retinopathy of prematurity
and may occur in developed countries when sick
children are treated with high oxygen that indu-
ces capillary dropout and vascular involution.
This situation was suspected in three cases in
South Korea with excellent angiograms [24].
Given that the vascular apical tips are signaled by
VEGF and grow forward with capillaries filling
in, this peripheral loop pattern probably repre-
sents capillary closure rather than selective cap-
illary arrest. The recovery may reflect the
persistence of axons that typically lead the vas-
cular development. The pathogenesis of OIROP
in human neonates remains uncertain at this time,
we hypothesize that this may be the result of

damage from free oxygen radicals and inflam-
mation, and may not be related only to excessive
oxygen supplementation alone.

Reactivation After Treatment with
anti-VEGF (Figs. 6.6, 6.15, 6.19 and 6.16)

We consider it helpful to identify some of the
cases of reactivation after prior anti-VEGF
treatment as APROP. It shares two major fea-
tures with APROP. First, fine vessel neovascu-
larization rather than CROP stage 3 has been
noted to develop. Second, it is implicated in late
unexplained retinal detachments [25]. We remain
uncertain if some cases of reactivation with
neovascularization might regress with time, but
feel that as long as the avascular retina is
exposed, systemic stress or another factor may
trigger VEGF production and lead to late pro-
gression of the retinopathy. As a practical per-
spective, neovascularization is the prerequisite
for retinal detachment and therefore reactivated
ROP with neovascularization also poses a risk.
When we see fine vessel neovascularization with
increasing pre-plus or plus disease, we recom-
mend treatment, either with more anti-VEGF or
laser ablation of the avascular zone. Although we
lack direct data from a clinical trial, we believe
untreated avascular retina is a potential threat.
Therefore we treat all significant areas of avas-
cular retina around 55-60 weeks PMA when
anesthesia risk is low and long term frequently
repeated examination becomes increasingly
burdensome.

Mixed ROP
Aside from the early and late cases of APROP,
another area of potential confusion arises in eyes
with severe plus disease and separate areas of
APROP and CROP. For example, some clock
hours show brush like neovascularization with-
out any opaque tissue (CROP: stage 1, 2, or 3)
while other clock hours show stage 2 ridge
structures. Plus disease must be examined by
vascular distribution. Each quadrant of plus dis-
ease must have a high flow peripheral feature as
an explanation for CROP stage 2 or 3 or
APROP. The general, the ICROP principle is that
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the eye is classified by the most posterior zone
and most severe stage. Cases with mixed APROP
and CROP, unless there is new data in the future,
should be classified into the more severe cate-
gory, APROP, and treated according to earliest
indication.

Unusual Cases
The rare zone II APROP should be examined to
detect the end of the retina vasculature as distinct
from flat neovascularization. The zone of ROP
disease is determined by the end of the retinal
vasculature rather than the end of the neovascu-
larization. APROP in zone II should be treated
when neovascularization is detected and ablation
should include the full avascular zone including
the part covered by proliferative retinopathy.
Fluorescein angiography may be helpful.

Part 4: Treatment of APROP

APROP is a disease of non-perfusion, ischemia,
proliferation, hemorrhage, and traction retinal
detachment. The proliferative retinopathy is dri-
ven by VEGF. The essence of effective man-
agement is the timely reduction of VEGF.
Treatment of APROP may be required urgently
after the initial exam and efficient diagnosis is
essential. Urgent treatment was very dramatically
documented in the PHOTO-ROP study in which
eyes were treated upon entry [11]. Laser to the
complete avascular zone in APROP is markedly
less effective than in CROP [13, 21, 28].
Development of retinal detachment in the
well-lasered APROP eyes is not infrequent.
APROP is also associated with potentially
blinding laser complications [29]. In retrospect,
APROP-associated treatment failures were a
contributor to the poor outcomes of zone I dis-
ease in CRYO-ROP. Decades before R-ICROP
evidence for the presence of APROP in
CRYO-ROP is provided by a photograph in
Palmer et.al. Incidence and Early Course of ROP
(page 1631) [3] and probably ETROP as well.

The high failure rate after laser treatment for
APROP probably reflects both the severity of the
disease at diagnosis, and the technical difficulty

of complete ablation. The severity of disease may
be reduced by recognition of the earlier phase of
APROP that are equivalent to type 1 ROP
(ETROP study). This earlier treatment time
reduces technical challenges. The improvement
of the diagnostic exam in order to facilitate
detection of earlier phases of APROP was dis-
cussed above.

The technical barriers to an excellent laser
treatment pattern are: 1. A persistent pupillary
membrane (often called a persistent tunica vas-
culosa lentis) that obscures the retina; 2. Limited
field of view from iris rigidity and small pupil
from poor dilation and intraoperative constric-
tion; 3. Flat neovascularization may camouflage
an underlying area of ischemic retina; 4. Fine
neovascularization may be obscured by hazy
media; 5. A large area of treatment may increase
the risk of laser complication such as inflamma-
tion, exudative detachment, ocular ischemia, and
cataract; 6. A longer treatment duration and
sicker infants may increase the risks of anesthe-
sia. On occasion, these challenges make a com-
plete laser ablation of the avascular retina
impossible. Unfortunately, incomplete treatments
greatly increase the risk of failure and unfavor-
able outcome.

In pre-APROP with mild plus disease most of
the barriers are mild and laser can be quite
effective. Still the laser treatment must include
the entire avascular retina including any avas-
cular zones that are under the neovascularization.
Since VEGF is largely produce just anterior to
the vascularized retina, posterior skip areas have
particularly bad outcomes in all cases of ROP
especially APROP [11]. When not identified
until the disease progresses to include more
posterior plus disease, anterior segment vascular
engorgement and larger amounts of neovascu-
larization laser become much more challenging
and less effective. Moreover, the response to
treatment even in cases of perfect and complete
laser treatment of the avascular retina may not
lead to immediate resolution because of a large
reservoir of VEGF in the vitreous. In fact, neo-
vascularization and even detachment may pro-
gress despite complete ablation [30]. The plus
disease resolution may take 2 or 3 weeks even in
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cases that are destined to have a good outcome. If
one chooses laser, and its implementation is not
excellent, one might consider a second session.
Azuma describes early vitrectomy in APROP
[31]. Practically, we would choose bevacizumab
in cases that are “hot” and progressing or not
treated to completion especially with posterior
skip areas.

In APROP anti-VEGF treatment has a very
strong claim for superiority over laser. In the
BEAT-ROP study, the only randomized con-
trolled trial of bevacizumab against conventional
laser treatment, zone I eyes outcomes were better
in the bevacizumab treatment group compared to
the laser treatment group [22]. Unfortunately, the
BEAT-ROP study did not have a defined group
for APROP. Nonetheless it is reasonable to
assume that the zone I cases also include APROP
cases. Some articles report evidence of effective
treatment in APROP as a category; however, they
assume a common definition of APROP. We feel
the reader cannot assume a specific meaning to
this assertion because of the inclusion of
ill-defined retinopathy in the R-ICROP definition.
The exception is when reports include pho-
tographs that allow the reader to confirm the
diagnosis directly [32]. In cases with large capil-
lary free zones within the vascularized retina, we
believe that OIROP or at least an ablative com-
ponent must be suspected [33].

The immediate effect of bevacizumab in
reversing ROP is quite robust and plainly
observed in clinical practice. This qualitative
effect has raised important quantitative questions,
for example, the optimal dose for the amount of
disease (that may treat the estimated VEGF).
However, the presence of the effect is noncon-
troversial. The scientific evidence in favor of the
primary treatment with bevacizumab instead of
laser is not only the result of a randomized
clinical trial (BEAT-ROP), but confirmatory
support from a large group of nonrandomized
clinical series from around the globe in a variety
of populations, all indicating a good reduction in
stage 3+ [34]. Although there is little question
that the treatment works, a hypothetical concern
was raised about potential effects on extraocular
tissues during the neonatal and early periods of

infant development [35, 36]. This is based on
animal models in which complete VEGF block-
ade is lethal, other animal models with high-dose
systemic blockade also describe reduced organ
and bone development. In humans and infants,
plasma anti-VEGF and prolonged reduction in
the systemic VEGF levels were found in the
blood after intravitreous injection of beva-
cizumab [37, 38]. Unfortunately, the clinical
relevance is unknown. In the last 8 years, no
developmental delays have been linked to the use
of intravitreous anti-VEGF. However, recently
two papers have claimed to detect neurodevel-
opmental delays associated with use of intravit-
reous bevacizumab for ROP in nenates [39, 40].
Neither was randomized and both had presumed
bias. The bias arose from selection of more
severely affected ROP patients in the beva-
cizumab group since the severity of ROP is
associated with increasing neurodevelopmental
risk [41–43].

The biased choice of more severe ROP cases
for use of bevacizumab is a widespread effect due
to influential opinions promoting special caution
in the use of intravitreous bevacizumab. We
expect to see increased neurodevelopment defi-
cits in this group with more severe ROP when
compared with the unselected patients that
received laser. The second major flaw is the use
of neurodevelopmental measurements that may
not be validated along the full range of visual
deficits. Unfortunately, these biases disqualify
these papers for use as clinical evidence. At this
time without any useful data, it is difficult to
assign a weight to the risk and to balance the
developmental risk against other risks. Ideally, a
long-term and appropriately powered random-
ized clinical trial would be helpful to allow for
scientific evidence. Even an underpowered ran-
domized study may be useful in determining the
likelihood of an association, and can later be
combined with other studies in future
meta-analyses. However, no trial would be ade-
quately powered to completely disprove the
hypothesis.

Lack of unequivocal evidence for significant
systemic adverse effects requires treating physi-
cians and groups of physicians to make decisions
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based on clinical judgment. Unfortunately,
experience-based clinical judgment is especially
subject to decision biases. Among some physi-
cians, the anchoring bias is the serious adverse
effects related to other novel ROP treatments. In
particular, early reduction of oxygen use for
control of ROP has lead to increased mortality
[44] and high-dose Vitamin E supplementation
increased sepsis [45, 46].

Our perspective recognizes this mixed history
of new treatments for ROP and supports effective
mechanisms to evaluate the risks. At the con-
ceptual level, the complications from high-dose
anti-VEGF given systemically to neonates prob-
ably are best approximated by the development
of infants with OIROP. In these cases, the oxy-
gen is delivered systemically and is presumed
equal in the retina and the rest of the body. The
oxygen functions to reduce the VEGF in all tis-
sues. In some of the cases of OIROP, we see
dramatic effect on retinal blood vessels. Initially,
the capillaries close and then the larger vessels
also close. We imagine that such a pattern might
occur after an equivalent intravitreous
anti-VEGF dosage, but have never seen this
vascular closure in patients with our typical dose
of 500 micrograms of bevacizumab. Instead,
what we have observed after bevacizumab was a
regression of neovascularization, a developmen-
tal pause, and then a regrowth of fairly normal
retinal vasculature. Since the effect in the eye
seems qualitatively mild after injection of beva-
cizumab compared with OIROP, one might
assume that the systemic effect from leakage of
bevacizumab outside of the eye is also lower
after injection of anti-VEGF in the eye compared
to systemic oxygen supplementation. Although
we suspect that this argument is largely correct,
the weakness of this argument is that we do not
know how to compare the duration of the two
effects and oxygen supplementation probably has
a much broader set of direct and indirect target
molecules. Also the gestational developmental
ages of OIROP and anti-VEGF treatment may be
quite different. Finally, in contrast to oxygen that
can be dialed up and down, the timeline for
biologic activity of the anti-VEGF is probably
longer and uncertain.

In situations that have a high risk of blindness
with laser treatment, effective bevacizumab
treatment is hard to reject without clinical evi-
dence. It seems that only a strong bias can assign
greater weight to an unknown, unobserved,
uncertain risk over a well-known significant risk.
Intravitreous bevacizumab injection has docu-
mented risks of infection, cataract, and retinal
detachment. In ROP, many centers take efforts to
discover complications [47]. The area of uncer-
tainty is the developmental effect. We suspect
there may be a relatively small effect that may
remain undetectable despite thousands of treat-
ment cases of very prematurely born infants. We
expect that cautious and realistic physicians will
seriously consider use of bevacizumab in
APROP to prevent blindness, not only because of
better response of posterior disease to beva-
cizumab, but also in instances when laser would
ablate the fovea (Fig. 6.14). Indeed, beva-
cizumab as primary treatment in APROP is an
increasing trend worldwide because of the higher
failure rate of laser in this group [11, 48]. We
remain skeptical to both extreme positions: one,
that there are no risks to bevacizumab and two,
that the risks are common and more severe than
blindness.

In our tertiary pediatric practice, the rate of
retinal detachment from treatment failure has
declined with the use of anti-VEGF either as
primary or secondary treatment. The major
sources of ROP detachments are now physicians
who continue to use laser as primary treatment.
We think the rate of failure from laser is still
around 10% and most of it was from APROP or
high grade CROP. ETROP has eliminated many
of the detachments from CROP and anti-VEGF
has tremendous potential preventing blindness
for much of APROP. Therefore, until there is
evidence of substantial counterweighing com-
plications from the treatment, we encourage ROP
physicians to use bevacizumab, or other
anti-VEGF agents, either as the primary treat-
ment in severe disease and certainly for
APROP. It is also reasonable to use the
BEAT-ROP criteria for treatment (stage 3+)
since they were used in the study population and
are structurally more severe than ETROP type 1
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ROP, and less severe than CRYO-ROP thresh-
old. If laser is used, we would recommend that
pre-APROP that is equivalent to ETROP type 1,
be the moment for treatment

We remain vigilant after the use of anti-VEGF
because it has a limited blockade effect and a risk
of recurrent disease (Figs. 6.6, 6.15, 6.19 and
6.16). These are presumably uncommon and we
do not know if they occur in patients with special
genetic, inflammatory, or other conditions.
Nonetheless, we know some of the patients have
late recurrence after anti-VEGF and if untreated
this recurrent disease may result in retinal
detachment and blindness [25, 48–51]. As a
result of these unfavorable outcomes, we are
uncomfortable with the prospect of long-term
observation of patients showing large residual
avascular zones because in most retinal vascular
diseases, avascular retina is associated with pro-
liferation, hemorrhage, and retinal detachment. In
fact, we suspect based on naturally regressed
ROP and FEVR that some recurrences may occur
years or even decades later. Therefore, our
approach is to treat the acute disease with
anti-VEGF and the residual peripheral ischemic
retina with laser at a later date.

The retinal detachments after APROP show
three patterns. 1. Standard development and
location at the border between the vascular and
avascular retina. 2. Abnormal location well
within the treated avascular zone after apparent
regression. 3. Condensed vitreous and fibrous
proliferation across the posterior pole with a
significant component from anomalous vitreous
behavior [38]. APROP may be treated with vit-
rectomy in early phases to help remove the vit-
reous reservoir of VEGF. The surgical approach
for APROP anomalous vitreous is significantly
different from typical retinal detachment after
CROP. Likewise detachments limited to the laser
treated zone may not be urgent. Vitrectomy after
anti-VEGF without peripheral ablation also has
other features including an increased risk of
dialysis. These topics are beyond the scope of
this chapter.

Finally, APROP remains a rare and poorly
described form of ROP. We have openly shared

our insights and suggested clinical approaches
that have evolved from information and experi-
ence since the first infant we saw with APROP in
1990 until today. These suggestions remain
dynamic and changing and have not been tested
by a randomized clinical trial. While we have
taken great effort to help the decision-making
process for APROP, the suggestions cannot be
considered a standard of care.

Appendix: Additional Aspects
in the Development of APROP

With detection of early stages of APROP, there
are new questions about it natural history. In the
era between CRYO-ROP and ETROP, we rou-
tinely counted stage 3 clock hours in order to
determine presence of threshold ROP. While
counting clock hours we also examined eyes at
very high risk twice weekly. At that time, the
only treatment was laser and eyes without mac-
ular development did not undergo subsequent
development when it was spared. Initially, we
watched a few cases hoping that the fovea would
vascularize but it did not. The fastest progression
that we observed in APROP neovascular prolif-
eration was about 1 clock hour daily and my
sense was that after a 2-week delay APROP was
moderate. The neovascularization thickened but
remained at the same distance from the optic
nerve (Fig. 6.12). Therefore, our opinion based
on anecdotal experience with a small number of
observed cases, is that there is no ocular advan-
tage in delay of treatment beyond the usual 48 h.
We hope for better data in the future. However,
we now have a nondestructive alternative to laser
treatment. We have seen macular vascularization
after treatment with bevacizumab (Fig. 6.14).

Occasionally, there are reports about posterior
demarcation lines (stage 1) in APROP [52].
Since we have not seen photographs or an eye
with this finding in APROP, it is unclear if this
demarcation line is the same or different from the
line in ICROP. This finding is not part of
R-ICROP as we have understood it. However, in
fact if CROP stage 1 is present but stage 2 and 3
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do not develop then it meets the R-ICROP “does
not progress through the classic stages 1 to 3”.
This difference points to another area of defini-
tional confusion in APROP, and, therefore, will
need to be studied and clarified for the next
review of APROP. In any case, the ICROP def-
inition of stage 1 requires more than a halo in
order to be called a demarcation line. In ICROP
the “line is a thin but definite structure that sep-
arates the avascular retina anteriorly from the
vascularized retina posteriorly.”

Although I have not seen the demarcation line
discussed within APROP literature, I assume that
my colleagues are reporting a classic stage 1 line.
Nonetheless, it is important to be sure this is not
a posterior halo, since color contrast is not suf-
ficient to diagnose the presence of a line. Since
the perceive color change may reflect a very
interesting visual illusion identified by Ernst
Mach. This produces an illusion of a line at the
border of two shades of gray or color because of
the center surround lateral inhibition in the retina.
Mach bands are known as a cause for mistaken
diagnosis in radiology [53]. This can be true in
ROP at the vascular–avascular junction. Many
photographs of APROP show a halo at the pos-
terior edge of the avascular retina. Sometimes
this changes with reduction of illumination and
angle. To add to the confusion of terms in the
literature, occasionally the term “demarcation”
was used as a noun synonymously for the term
“junction” (of the vascularized and avascular
retina) [25] (Figs. 6.5, 6.9). Finally, we also
wonder if there is yet another halo or demarca-
tion line that may be the result of interstitial
fibrous opacification or an edge reflecting mark-
ing changes in the choroidal development. Since
the posterior retina is very difficult to depress and
stereoscopic viewing through small pupil may be
limited, the thickness of the stage 1 demarcation
line structure cannot always be determined.
Finally, we have the impression that the current
Japanese ROP literature equates APROP with
Japanese type 2 ROP (described and established
before R-ICROP) and the two terminologies
have evolved in a slightly different manner with
communication outcomes that are occasionally at
cross purposes (Fig. 6.3).

References

1. International Committee for the Classification of
Retinopathy of Prematurity. The international classi-
fication of retinopathy of prematurity revisited. Arch
Ophthalmol. 2005;123(7):991–9. Review. PubMed
PMID: 16009843.

2. Nissenkorn I, Kremer I, Gilad E, Cohen S, Ben-Sira
I. ‘Rush’ type retinopathy of prematurity: report of
three cases. Br J Ophthalmol. 1987 Jul;71(7):559–62.
PubMed PMID: 3651370; PubMed Central PMCID:
PMC1041226.

3. Palmer EA, Flynn JT, Hardy RJ, Phelps DL,
Phillips CL, Schaffer DB, Tung B. Incidence and
early course of retinopathy prematurity. The
cryotherapy for retinopathy of prematurity coopera-
tive group. Ophthalmology. 1991;98(11):1628–40.

4. Katz X, Kychenthal A, Dorta P. Zone I retinopathy
of prematurity. J AAPOS. 2000;4(6):373–6.

5. Kychenthal A, Dorta P, Katz X. Zone I retinopathy
of prematurity: clinical characteristics and treatment
outcomes. Retina. 2006;26(7 Suppl):S11–5.

6. Tasman W. Zone I retinopathy of prematurity. Arch
Ophthalmol. 1985;103(11):1693–4. doi:10.1001/
archopht.1985.0105011087032.

7. Shapiro MJ, Gieser JP, Warren KA, Resnik KI,
Blair NP. Zone I retinopathy of prematurity. In:
Shapiro MJ, Biglan AW, Miller M, editors.
Retinopathy of prematurity. Proceedings of the
international conference on retinopathy of prematu-
rity. Chicago: Kugler Publications, 1993:149–55.

8. Shapiro MJ. Type 2 of Fulminate ROP. In:
Kumar H, Shapiro MJ, Azad RV, editors. Apractical
approach to retinopathy of prematurity screening
and management. New Delhi: Malhotra Enterprises;
2001. p. 23–33.

9. Shah PK, Narendran V, Saravanan VR, Raghuram A,
Chattopadhyay A, Kashyap M, Morris RJ, Vijay N,
Raghuraman V, Shah V. Fulminate retinopathy of
prematurity clinical characteristics and laser out-
come. Indian J Ophthalmol. 2005;53(4):261–5.
PubMed PMID: 16333175. Shah PK, Narendran V,
Saravanan VR, Raghuram A, Chattopadhyay A,
Kashyap M, Devraj S. Fulminate type of retinopathy
of prematurity. Indian J Ophthalmol. 2004;52
(4):319–20. PubMed PMID: 15693324.

10. Uemura Y, Tsukahara I, Nagata M, et al. Diagnostic
and therapeutic criteria for retinopathy of prematu-
rity. Committee’s Report Appointed by the Japanese
Ministry of Health and Welfare. Tokyo, Japan:
Japanese Ministry of Health and Welfare; 1974.
Japan J. Ophthalmol. 1977;21:366–78.

11. Spandau U, Tomic Z, Ewald U, Larsson E,
Akerblom H, Holmström G. Time to consider a
new treatment protocol for aggressive posterior
retinopathy of prematurity? Acta Ophthalmol.
2013;91(2):170–5. doi:10.1111/j.1755-3768.2011.
02351.x Epub 2012 Jan 23.

68 M.J. Shapiro et al.

http://dx.doi.org/10.1001/archopht.1985.0105011087032
http://dx.doi.org/10.1001/archopht.1985.0105011087032
http://dx.doi.org/10.1111/j.1755-3768.2011.02351.x
http://dx.doi.org/10.1111/j.1755-3768.2011.02351.x


12. Vinekar A, Trese MT, Capone A Jr. Photographic
screening for retinopathy of prematurity
(PHOTO-ROP) cooperative group. Evolution of
retinal detachment in posterior retinopathy of pre-
maturity: impact on treatment approach. Am J Oph-
thalmol. 2008;145(3):548–55. doi:10.1016/j.ajo.
2007.10.027. Epub 2008 Jan 22. PubMed PMID:
18207120.

13. Shah PK, Narendran V, Saravanan VR, Raghuram A,
Chattopadhyay A, Kashyap M, Morris RJ, Vijay N,
Raghuraman V, Shah V. Fulminate retinopathy of
prematurity—clinical characteristics and laser out-
come. Indian J Ophthalmol. 2005;53(4):261–5.

14. The Committee for Classification of Retinopathy of
Prematurity. International classification of retinopathy
of prematurity. Arch Ophthalmol. 1984;102:1130–4.

15. Woo R, Chan RV, Vinekar A, Chiang MF. Aggres-
sive posterior retinopathy of prematurity: a pilot
study of quantitative analysis of vascular features.
Graefes Arch Clin Exp Ophthalmol. 2014 Nov 21.
[Epub ahead of print] PubMed PMID: 25413261.

16. Early Treatment for Retinopathy of Prematurity
Cooperative Group. Revised indications for the treat-
ment of retinopathy of prematurity: results of the early
treatment for retinopathy of prematurity randomized
trial. Arch Ophthalmol. 2003;121:1684–94.

17. Cryotherapy for Retinopathy of Prematurity Cooper-
ative Group. Multicenter trial of cryotherapy for
retinopathy of prematurity. Preliminary results. Arch
Ophthalmol. 1988;106:471–9.

18. Gunn DJ, Cartwright DW, Gole GA. Prevalence and
outcomes of laser treatment of aggressive posterior
retinopathy of prematurity. Clin Experiment Oph-
thalmol. 2014;42(5):459–65. doi:10.1111/ceo.12280
Epub 2014 Jan 23.

19. Soh Y, Fujino T, Hatsukawa Y. Progression and
timing of treatment of zone I retinopathy of prema-
turity. Am J Ophthalmol. 2008;146(3):369–74.
doi:10.1016/j.ajo.2008.05.010 Epub 2008 Jul 7.

20. Schulenburg WE, Tsanaktsidis G. Variations in the
morphology of retinopathy of prematurity in extre-
mely low birthweight infants. Br J Ophthalmol.
2004;88(12):1500–3.

21. Drenser KA, Trese MT, Capone A Jr. Aggressive
posterior retinopathy of prematurity. Retina. 2010;30
(4 Suppl):S37–40. doi:10.1097/IAE.
0b013e3181cb6151.

22. Mintz-Hittner HA, Kennedy KA, Chuang AZ;
BEAT-ROP Cooperative Group. Efficacy of intrav-
itreal bevacizumab for stage 3+ retinopathy of
prematurity. N Engl J Med. 2011;364(7):603–15.
doi:10.1056/NEJMoa1007374. PubMed PMID:
21323540; PubMed Central PMCID: PMC3119530.

23. Shah PK, Narendran V, Kalpana N. Aggressive
posterior retinopathy of prematurity in large preterm
babies in South India. Arch Dis Child Fetal Neonatal
Ed. 2012;97(5):F371–5. doi:10.1136/fetalneonatal-
2011-301121 Epub 2012 May 18.

24. Park SW, Jung HH, Heo H. Fluorescein angiography
of aggressive posterior retinopathy of prematurity

treated with intravitreal anti-VEGF in large preterm
babies. Acta Ophthalmol. 2014;92(8):810–3. doi:10.
1111/aos.12461 Epub 2014 Jun 9.

25. Hu J, Blair MP, Shapiro MJ, Lichtenstein SJ,
Galasso JM, Kapur R. Reactivation of retinopathy
of prematurity after bevacizumab injection. Arch
Ophthalmol. 2012;130:1000–6.

26. Sanghi G, Dogra MR, Das P, Vinekar A, Gupta A,
Dutta S. Aggressive posterior retinopathy of prema-
turity in Asian Indian babies: spectrum of disease and
outcome after laser treatment. Retina. 2009;29
(9):1335–9. doi:10.1097/IAE.0b013e3181a68f3a.

27. Sanghi G, Dogra MR, Katoch D, Gupta A. Aggres-
sive posterior retinopathy of prematurity in infants
� 1500 g birth weight. Indian J Ophthalmol.
2014;62(2):254–7. doi:10.4103/0301-4738.128639
PubMed PMID: 24618495.

28. Sanghi Gaurav, Dogra Mangat R, Katoch Deeksha,
Gupta Amod. Aggressive posterior retinopathy of
prematurity: risk factors for retinal detachment
despite confluent laser photocoagulation. Am J Oph-
thalmol. 2013;155(1):159–64.

29. Gunay M, Sekeroglu MA, Celik G, Gunay BO,
Unlu C, Ovali F. Anterior segment ischemia follow-
ing diode laser photocoagulation for aggressive
posterior retinopathy of prematurity. Graefes Arch
Clin Exp Ophthalmol. 2014 Aug 9.

30. Suk KK, Berrocal AM, Murray TG, Rich R,
Major JC, Hess D, Johnson RA. Retinal detachment
despite aggressive management of aggressive poste-
rior retinopathy of prematurity. J Pediatr Ophthalmol
Strabismus. 2010;47 Online:e1–4. doi:10.3928/
01913913-20101217-06.

31. Nishina S, Yokoi T, Yokoi T, Kobayashi Y,
Hiraoka M, Azuma N. Effect of early vitreous
surgery for aggressive posterior retinopathy of pre-
maturity detected by fundus fluorescein angiography.
Ophthalmology. 2009;116(12):2442–7.

32. Chung EJ, Kim JH, Ahn HS, Koh HJ. Combination
of laser photocoagulation and intravitreal beva-
cizumab (Avastin) for aggressive zone I retinopathy
of prematurity. Graefes Arch Clin Exp Ophthalmol.
2007;245(11):1727–30.

33. Ahn SJ, Kim JH, Kim SJ, Yu YS. Capillary-free
vascularized retina in patients with aggressive posterior
retinopathy of prematurity and late retinal capillary
formation. Korean J Ophthalmol. 2013;27(2):109–15.

34. Wu WC, Kuo HK, Yeh PT, Yang CM, Lai CC,
Chen SN. An updated study of the use of bevacizumab
in the treatment of patients with prethreshold retinopa-
thy of prematurity in taiwan. Am J Ophthalmol.
2013;155(1):150–158.e1. doi:10.1016/j.ajo.2012.06.
010. Epub 2012 Sep 8. PubMed PMID: 22967867.

35. Azad R, Dave V, Jalali S. Use of intravitreal
anti-VEGF: retinopathy of prematurity surgeons’ in
Hamlets’ dilemma. Ind J Ophthalmol. 2011;59:421–2.

36. Darlow BA, Ells AL, Gilbert CE, Gole GA,
Quinn GE. Are we there yet? Bevacizumab therapy
for retinopathy of prematurity. Arch Dis Child Fetal
Neonatal Ed. 2013;98(2):F170–4. doi:10.1136/

6 Aggressive Posterior Retinopathy of Prematurity (APROP) 69

http://dx.doi.org/10.1016/j.ajo.2007.10.027
http://dx.doi.org/10.1016/j.ajo.2007.10.027
http://dx.doi.org/10.1111/ceo.12280
http://dx.doi.org/10.1016/j.ajo.2008.05.010
http://dx.doi.org/10.1097/IAE.0b013e3181cb6151
http://dx.doi.org/10.1097/IAE.0b013e3181cb6151
http://dx.doi.org/10.1056/NEJMoa1007374
http://dx.doi.org/10.1136/fetalneonatal-2011-301121
http://dx.doi.org/10.1136/fetalneonatal-2011-301121
http://dx.doi.org/10.1111/aos.12461
http://dx.doi.org/10.1111/aos.12461
http://dx.doi.org/10.1097/IAE.0b013e3181a68f3a
http://dx.doi.org/10.4103/0301-4738.128639
http://dx.doi.org/10.3928/01913913-20101217-06
http://dx.doi.org/10.3928/01913913-20101217-06
http://dx.doi.org/10.1016/j.ajo.2012.06.010
http://dx.doi.org/10.1016/j.ajo.2012.06.010
http://dx.doi.org/10.1136/archdischild-2011-301148


archdischild-2011-301148. Epub 2011 Dec 30.
Review. PubMed PMID: 22209748.

37. Sato T, Wada K, Arahori H, Kuno N, Imoto K,
Iwahashi-Shima C, Kusaka S. Serum concentrations
of bevacizumab (avastin) and vascular endothelial
growth factor in infants with retinopathy of prema-
turity. Am J Ophthalmol. 2012;153(2):327–333.e1.
doi:10.1016/j.ajo.2011.07.005. PubMed PMID:
21930258.

38. Wu WC, Shih CP, Lien R, Wang NK, Chen YP,
Chao AN, Chen KJ, Chen TL, Hwang YS, Lai CC.
Serum vascular endothelial growth factor after beva-
cizumab or ranibizumab treatment for retinopathy of
prematurity. Retina. 2016 Jul 27. [Epub ahead of
print] PubMed.

39. Morin J, Luu TM, Superstein R, et al. Neurodevel-
opmental outcomes following bevacizumab injec-
tions for retinopathy of prematurity. Pediatrics.
2016;137(4):e20153218.

40. Lien R, Yu M-H, Hsu K-H, Liao P-J, Chen Y-P, Lai
C-C, Wu W-C. Neurodevelopmental outcomes in
infants with retinopathy of prematurity and beva-
cizumab treatment.

41. Msall ME, Phelps DL, DiGaudio KM, Dobson V,
Tung B, McClead RE, et al. On behalf of the
cryotherapy for retinopathy of prematurity coopera-
tive group. Severity of neonatal retinopathy of
prematurity is predictive of neurodevelopmental
functional outcome at age 5.5 years. Pediatrics.
2000;106:998e1005.

42. Molloy CS, Anderson PJ, Anderson VA, Doyle LW.
The long-term outcome of extremely preterm
(<28 weeks’ gestational age) infants with and with-
out severe retinopathy of prematurity. J Neuropsy-
chol. 2015 Mar 24. doi:10.1111/jnp.12069. (Epub
ahead of print) PubMed PMID: 25809467.

43. Cooke RWI, Hughes LF, Newsham D, Clark D.
Ophthalmic impairments at 7 years of age in children
born very preterm. Archs Dis Child Fetal Neonatal
Ed. 2004;89:F249e53.

44. BOOST II United Kingdom Collaborative
Group; BOOST II Australia Collaborative
Group; BOOST II New Zealand Collaborative
Group, Stenson BJ, Tarnow-Mordi WO, Darlow BA,
Simes J, Juszczak E, Askie L, Battin M, Bowler U,
Broadbent R, Cairns P, Davis PG, Deshpande S,
Donoghoe M, Doyle L, Fleck BW, Ghadge A,
Hague W,Halliday HL, Hewson M, King A,
Kirby A, Marlow N, Meyer M, Morley C, Simmer K,

Tin W, Wardle SP, Brocklehurst P. Oxygen satura-
tion and outcomes in preterm infants. N Engl J Med.
2013;368(22):2094–104.

45. Phelps DL, Rosenbaum AL, Isenberg SJ, Leake RD,
Dorey FJ. Tocopherol efficacy and safety for
retinopathy of prematurity: a randomized, controlled,
double-masked trial. Pediatrics. 1987;79(4):489–500.

46. Johnson L, Quinn GE, Abbasi S, Otis C, Goldstein D,
Sacks L, Porat R, Fong E, Delivoria-Papadopoulos
M, Peckham G, et al. Effect of sustained pharmaco-
logic vitamin E levels on incidence and severity of
retinopathy of prematurity: a controlled clinical trial.
J Pediatr. 1989;114(5):827–38.

47. Jalali S, Balakrishnan D, Zeynalova Z, Padhi TR,
Rani PK. Serious adverse events and visual outcomes
of rescue therapy using adjunct bevacizumab to laser
and surgery for retinopathy of prematurity. The
Indian Twin Cities Retinopathy of Prematurity
Screening database Report number 5. Arch Dis Child
Fetal Neonatal Ed. 2013;98(4):F327–33.

48. Patel RD, Blair MP, Shapiro MJ, Lichtenstein SJ. Sig-
nificant treatment failure with intravitreous beva-
cizumab for retinopathy of prematurity. Arch
Ophthalmol. 2012;130(6):801–2. doi:10.1001/
archophthalmol.2011.1802.

49. Wu W, Yeh P, Chen S, et al. Effects and complica-
tions of Bevacizumab use in patients with retinopathy
of prematurity. A multicentre study in Taiwan.
Ophthalmology. 2011;118:176–83.

50. Moran S, O’Keefe M, Hartnett C, Lanigan B,
Murphy J, Donoghue V. Bevacizumab Versus Diode
Laser in Stage 3 Posterior Retinopathy of Prematu-
rity. Acta Ophthalmologica. 2014; e406–7. doi:10.
1111/aos.12339.

51. Ittiara S, Blair MP, Shapiro MJ, Lichten-
stein SJ. Exudative retinopathy and detachment: a
late reactivation of retinopathy of prematurity after
intravitreal bevacizumab. J AAPOS. 2013;17
(3):323–5. doi:10.1016/j.jaapos.2013.01.004.

52. Yokoi T, Hiraoka M, Miyamoto M, Yokoi T,
Kobayashi Y, Nishina S, Azuma N. Vascular abnor-
malities in aggressive posterior retinopathy of pre-
maturity detected by fluorescein angiography.
Ophthalmology. 2009;116(7):1377–82. doi:10.1016.

53. Buckle CE, Udawatta V, Straus CM. Now you see it,
now you don’t: visual illusions in radiology. Radio-
graphics. 2013;33(7):2087–102. doi:10.1148/rg.
337125204. PubMed PMID: 24224600.

70 M.J. Shapiro et al.

http://dx.doi.org/10.1136/archdischild-2011-301148
http://dx.doi.org/10.1016/j.ajo.2011.07.005
http://dx.doi.org/10.1111/jnp.12069
http://dx.doi.org/10.1001/archophthalmol.2011.1802
http://dx.doi.org/10.1001/archophthalmol.2011.1802
http://dx.doi.org/10.1111/aos.12339
http://dx.doi.org/10.1111/aos.12339
http://dx.doi.org/10.1016/j.jaapos.2013.01.004
http://dx.doi.org/10.1148/rg.337125204
http://dx.doi.org/10.1148/rg.337125204


7Photocoagulation for Retinopathy
of Prematurity
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Abstract
Laser retinal photocoagulation became the main therapeutic option for
vision-threatening ROP after it replaced cryotherapy, becoming the
standard of care to which all new treatment options should be compared.
Although there is a learning curve and it requires appropriate equipment,
excellent results can be achieved in the majority of cases with a small
proportion of complications.

Keywords
Retinopathy of prematurity (ROP) � Cryo-ROP � Avascular retina � Laser
photocoagulation � Early treatment for retinopathy of prematurity
(ETROP)

General Considerations

Retinal photocoagulation with a xenon laser was
the first technique used for the treatment of active
ROP by Nagata in Japan, and it was published in
1968 [1]. Technical difficulties, especially
involving the delivery, induced a need to replace
therapy by cryo-coagulation [2].

The results of the Cryo-ROP trial in 1988
established that eyes treated with cryotherapy
were less likely to become legally blind (44% vs.

62%) and were less likely to have an unfavorable
structural outcome. Total retinal detachment still
occurred in 22% of treated eyes [3–5].

Despite the initial debates regarding the
advantages of laser versus cryotherapy for the
treatment of these children, with the advent of
more portable laser units, photocoagulation with
a laser is currently the treatment of choice. Laser
photocoagulation has proven to be even more
effective than cryotherapy for threshold disease
[6–10]. Local adverse effects can be notorious
with cryotherapy in addition to the inferior
results obtained with that technique. Today the
use of cryo-coagulation can only be considered if
there is no possibility of treating with a laser or
anti-VEGF drugs depending on the case.
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It was Landers in 1990 [11] who first descri-
bed the ablation of the peripheral avascular retina
in ROP patients with an argon laser delivered
through an indirect ophthalmoscope. Soon after,
McNamara [12] showed that laser therapy was as
effective as cryotherapy in the treatment of ROP
by comparing the efficacy of trans-scleral
cryotherapy versus laser photocoagulation
delivered by indirect ophthalmoscope in a ran-
domized clinical trial in 22 infants with threshold
stage 3+ ROP. Fifteen of 16 eyes randomized to
laser therapy and nine of 12 eyes randomized to
cryotherapy showed regression.

Additional studies by these and other authors
further demonstrated that laser results are com-
parable to the results of the CRYO-ROP study.
Landers [13] treated 15 eyes of nine infants by
confluent photocoagulation of the avascular
retina using an argon laser via indirect ophthal-
moscope. All treated eyes presented at or beyond
the threshold of stage 3 retinopathy of prematu-
rity with plus disease. Complete regression was
observed in 13 eyes (73%).

In 1992, Fleming [14] and McNamara [15]
further reported on the use of a diode laser to treat
ROP. Fleming treated nine infants with posterior
ROP using the diode laser through an indirect
ophthalmoscopic delivery system. Treatment was
commenced as soon as plus disease developed.
The disease regressed in all eyes. These results
were not only positive in terms of ROP treatment,
but they also represented early attempts at
“pre-threshold” intervention, which later would
become the prevailing time for treatment.

McNamara compared trans-scleral cryotherapy
with laser photocoagulation in threshold stage
ROP in a prospective randomized clinical trial.
Twenty-five of 28 eyes of 32 infants treated with
diode laser photocoagulation and followed up for
at least 3 months underwent regression. Among
24 fellow eyes treated with cryotherapy and fol-
lowed up for at least 3 months, 20 regressed.
A prospective randomized study by Hunter [16] in
1993 performed in 33 eyes that were treated either
with diode laser or cryotherapy showed that diode
laser peripheral retinal ablation appeared to be as
effective as cryotherapy for the treatment of
threshold ROP, but it also showed that indirect

diode laser was more convenient: apneic episodes
requiring intubation resulted from two cryother-
apy sessions but no diode laser sessions; retreat-
ment because of persistent disease was required in
cryo-treated eyes only.

In 1993 Preslan [17] reported regression of
threshold disease in 16 out 16 eyes in patients
treated with an indirect argon laser. Goggin [18]
reported on a series of zone II cases using diode
lasers obtaining successful outcomes in 81% of
21 eyes. Capone [19] used an indirect diode laser
in the treatment of 17 infants (30 eyes) with zone
I “threshold” ROP and achieved a favorable
outcome in 83.3%.

During the following years these and other
publications contributed to a migration from cryo
to laser treatment, especially to the use of indirect
diode laser systems.

Trans-scleral diode lasers had been success-
fully used by some authors [20–22], although
trans-pupillary retinal photocoagulation with an
indirect laser remains the standard of care
worldwide. A trans-scleral approach might be
used in cases with media opacities [23].

Current Indications for Laser
Treatment of ROP

Present indications for peripheral retinal ablation
are based on the Early Treatment For Retinopa-
thy Of Prematurity (ETROP) Randomized Trial
outcomes. Earlier treatment of eyes with
high-risk pre-threshold disease significantly
reduced unfavorable visual outcomes from 19.8
to 14.3%, and it decreased unfavorable anatom-
ical outcomes from 15.6 to 9.0%. As a result,
earlier treatment is indicated for high-risk
pre-threshold disease [24, 25]. Based on the
International Classification of ROP (ICROP), an
algorithm was developed to identify those infants
with high-risk pre-threshold disease who may
benefit from earlier treatment, resulting in
approximately 8% of screened infants requiring
treatment versus 6% by the CRYO-ROP
standards.

Type 1 ROP (Zone I any stage with plus,
Zone I stage 3 without plus and Zone II stage 2–3
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with plus) represents those eyes with high-risk
disease that would benefit from early treatment,
with guidelines stating that treatment should
commence within 72 h of diagnosis. Table 7.1
summarizes the recommended early treatment
categories.

Type 2 ROP represents those eyes that require
close clinical observation for progression but do
not require immediate treatment (Zone 1: Stage 1
or 2 without plus disease, Zone 2: Stage 3
without plus disease). These eyes should be
considered for treatment only if they progress to
type I ROP or threshold.

Thefinal visual acuity results of the ETROP trial
showed that at 6 years of age, the early treatment of
type 1 eyes resulted in significant improvements in
visual acuity, whereas type 2 eyes did not show
benefit from early treatment. The application to
clinical practice of the above is that Type 1 eyes but
not Type 2 eyes should be treated early considering
that 52% of Type 2 high-risk pre-threshold eyes
would undergo regression of ROP without requir-
ing treatment [26].

Advantages of Laser Versus
Cryotherapy

There are several advantages of using lasers
instead of cryotherapy to treat ROP. These are
summarized in Table 7.2.

McNamara highlighted the advantages of
lasers [27] over cryotherapy emphasizing that
cryo is stressful on the infant, leaves large scars,
and is more difficult for the surgeon to adminis-
ter. He predicted early that laser therapy was to
become the preferred method for treating
threshold retinopathy of prematurity because it is
easier for the surgeon to administer and is less

traumatic on the infant. Algawi [28] in 1994 was
able to demonstrate that eyes with threshold
disease treated with diode laser photocoagulation
developed significantly less myopia than those
treated with cryotherapy. Further studies have
also reported that laser photocoagulation pro-
vides superior visual acuity and less refractive
myopic shift [29–33]. Today, cryotherapy has
very limited indications and all efforts should be
made to install laser units to treat ROP [33] when
peripheral retinal ablation is to be applied.

Tanaka [34] successfully used indirect oph-
thalmoscope photocoagulation to treat threshold
ROP in two premature infants through the
transparent wall of an incubator in whom their
poor systemic condition would have prevented
the use of cryotherapy.

Clearly, laser delivery systems offer advan-
tages over cryotherapy in treating posterior dis-
ease. Zone I might be easily reached with a laser
but for cryotherapy, conjunctival incisions might
be necessary. Nonetheless, it is precisely cases of
posterior ROP that remain responsible for the
majority of failures of this treatment modality.

A more recent but growing indication is the
use of laser photocoagulation of the peripheral
retinal in patients who have been treated with
anti-VEGF drugs for a posterior disease once the
advancing retinal vascularization approaches
zone III. This laser application would prevent
late recurrences while minimizing the chances of
unfavorable results due to loss in the long
follow-ups required in these patients. Addition-
ally, this combined treatment modality would
still give treated ROP patients the possible ben-
efits of the long-term retinopexy provided by the
laser.

Table 7.1 Current guidelines to treat ROP

Zone I, any stage with plus

Zone I, stage 3 without plus

Zone II, stage 2–3 with plus

Table 7.2 Advantages of laser over cryotheraphy

Less stressful on the infant

Easier to administer

Better structural outcomes

Induces less refractive myopic shift

Provides superior visual acuity
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Complications of Laser Treatment
for ROP

Both punctate and transient lenticular opacities
have been described after indirect retinal photo-
coagulation in ROP patients treated with argon
[35] and diode lasers [36]. Pogrebniak [37]
described a total cataract and Christiansen [38]
also described that cataract is a potential
vision-threatening complication of argon laser
photocoagulation in ROP. Later, in 1998 O´Neil
[39] noted that the incidence of cataract forma-
tion after argon laser photocoagulation was
approximately 1% and may be more likely to
occur when persistent hyaloidal vessels are pre-
sent on the lens.

Other complications included hyphema [40],
iris atrophy, hypotony [41], and phthisis [30] most
likely secondary to anterior segment ischemia
induced by the peripheral ablation with damage to
the posterior ciliary arteries [42, 43]. Payse [44]
proposed that diode lasers were safer than argon,
and they are the recommended type of laser to be
used in ROP. To be taken into consideration is that
younger postmenstrual age at the time of laser
treatment may be related to an increased risk of
anterior segment complications [45].

How to Perform Indirect Laser
to Treat Type 1 ROP

The treatment can be applied in the neonatal
intensive care unit (NICU) or in an operating
room, with general anesthesia or with sedation.

The best alternative will depend on many
issues regarding the particular setting where the
baby is treated. Good communication with the
neonatologist and anesthesiologist are essential
to choosing the best option for every premature.

An indirect diode laser with a wavelength of
810 nm is themost appropriate. A 28D-condensing
lens is suitable although other lenses can be used.
Proper sizing of the lid speculum and scleral
depressors are also very important.

The baby should be placed in a way that
allows the surgeon to clearly view the entire
peripheral retina. The surgeon moving along the
position of the head of the baby while applying
the laser normally helps to attain complete
treatment with no skipped areas.

Laser spots should be applied trans-pupillary
in a nearly confluent pattern, leaving a space of
half to 1 laser spot between adjacent burns over
the entire avascular retina (Fig. 7.1). More con-
fluent laser treatments would increase the risk of
both local and systemic complications. In 2013,
Ells [46] proposed additional laser treatment,
posterior to the ridge, for eyes with severe stage 3
ROP in zone II (Fig. 7.2). Sixteen out of 18 eyes
experienced rapid regression.

Laser burns should produce a dull white
lesion. This can be obtained in the majority of
cases with a power setting between 150 and
250 mw and a pulse duration of 100 ms. In the
areas adjacent to the ridge an increase in the
power setting is normally needed. The number of
spots can vary greatly between cases, but for a
typical zone II case 1000–1500 spots will be
needed, whereas for a zone I case the amount of
spots can easily increase to over 2000.

Photocoagulation can be performed in repeat
mode, but the surgeon must be sure that all spots

Fig. 7.1 Example of a laser treatment being apply to a
type 1 ROP case: laser spots should be applied in a nearly
confluent pattern, leaving a space of ½–1 laser spot
between adjacent burns over the entire avascular retina
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are being applied to the retina. It is advisable to
follow an order, starting where the avascular area
is greater and then advancing clockwise all
around the avascular area until reaching the
starting point again. There should be no skipped
areas.

Scleral indentation helps to apply the laser in
areas closer to the ora serrata. Excessive pressure
must be avoided to prevent decompensation of
the corneal epithelium and central vein
occlusion.

It is important to note that in the first days
post-treatment, the disease might continue to
progress. Laser photocoagulation acts on the
cells that produce VEGF, but it does nothing to
the VEGF already present in the eye. Nonethe-
less signs of regression should be clearly present
by 7–10 days after treatment.

Follow-up must be schedule from 48 h post
laser treatment in zone I cases to a maximum of
7 days in zone II cases. Patients should then be
followed weekly until complete regression.
Retreatments are applied in those cases with
persistent plus disease or that continue to pro-
gress. In this situation, a careful examination
should be conducted to find and treat missed or
skipped areas (Fig. 7.3).

Laser Photocoagulation
in the Anti-VEGF Area

Even with the timing of treatment moved to an
earlier stage of the disease by the results of the
Early Treatment for Retinopathy of Prematurity
(ETROP) study and ablation of the peripheral
retina by laser reducing the progression of the
disease, patients might still show poor anatomi-
cal and visual outcomes after treatment, espe-
cially for cases with posterior or zone I disease
(Fig. 7.4). Progression to retinal detachment
occurred in 12% of eyes in the ETROP study
with adequate peripheral ablation.

Vitreal VEGF levels are not reduced by retinal
laser photocoagulation and thus might be
responsible for the lack of the effectiveness of
laser therapy for ROP in some cases. Addition-
ally, laser therapy has some complications
including such long-term side effects as a sig-
nificant decrease in peripheral vision due to
ablation of peripheral retina and myopia.

Although there is plenty of evidence to sup-
port treating ROP with laser photocoagulation
and (depending on the severity) vitreoretinal
surgery, there is also an increasing amount of

Fig. 7.2 Posterior to the ridge type of laser was applied
in this case of severe stage 3 ROP in zone II

Fig. 7.3 Skipped areas can be identified in this case with
insufficient laser treatment and progression of the disease
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clinical work supporting indications for the use
of anti-VEGF therapy in some of these patients
[47, 48].

Our experience with anti-VEGF drugs in our
media supports the use of this treatment as the
first-line therapy in cases of zone I ROP. In
addition, in posterior Zone I cases without mac-
ular development, anti-VEGF can be used shortly
after a macula sparing photocoagulation, so as
not to risk an unfavorable result due to insuffi-
cient laser treatment.

The choice of the treatment modality, either
alone or in combination, will depend on many
factors in each particular case with the purpose of
maximizing the chances of a favorable outcome
while minimizing any local or systemic side
effects.
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8Pharmacomodulation
in the Treatment of Retinopathy
of Prematurity

Khaled Tawansy, Anand Muthiah and Anika Muthiah

Abstract
Type I retinopathy of prematurity is increasing in prevalence proportionate to
the advancements of neonatal care and remains the most preventable and
potentially devastating neonatal retinal disease worldwide. It is distinguished
from standard ROP by its posterior location, aggressive tempo, and high
vascular activity/VEGF burden. Current treatment for Type 1 retinopathy of
prematurity is guided by landmark multicenter prospective studies
(CRYO-ROP, STOP-ROP, ET-ROP, and BEAT-ROP) as well as clinical
experience and practical considerations using the available treatment modalities;
these include ablation with laser or cryotherapy, intravitreal anti-VEGF agents
(Bevacizumab or Ranibizumab) and systemic modulation of hemoglobin and
oxygen saturation. Ideal treatment is timed to allow maximum growth of the
intrinsic retinal vasculature while preventing fibrovascular contraction or retinal
detachment and minimizing complications; these include myopia, visual field
constriction, and anterior segment ischemia. With anti-VEGF therapy,
recurrences well after the due date and consequent smoldering ROP require
vigilant and prolonged outpatient monitoring. Herein, a review of retinal
vascular development and the role of VEGF in ROP precedes a discussion of
the hallmark studies and a systematic strategy to prevent ROP-associated vision
loss while minimizing unnecessary treatments and morbidity to the fragile
preemie. We argue that laser is most appropriate for ROP anterior to the
equator and smoldering ROP, while intravitreal bevacizumab is more
appropriate for posterior disease, especially in highly fragile neonates and
situations where follow-up will be reliable.
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Normal Retina and Vasculature

As the most metabolically active tissue in the
body, the retina relies on three interrelated cir-
culatory systems; the Hyaloidal Circulation,
Choroidal Circulation, and Retinal Circulation.
The Hyaloidal vessels emanate from the optic
nerve, span the vitreous gel, and surround the
crystalline lens and iris (see Figs. 8.1 and 8.2).
These vessels perfuse and nourish the entire eye
during fetal development, after which they
undergo spontaneous apoptosis.

The Choroidal Circulation is a sinusoidal
network of blood channels resembling those
found in the liver. It bathes the inner sclera,
retinal pigment epithelium, and outer retina.
Formed by 10 weeks gestation, it is susceptible
to compromise by changes in blood pressure and
systemic circulation.

The Retinal vessels supply the inner
two-thirds of the retina. Growth occurs radially
from the optic nerve to the edge of the retina (ora
serrata) (see Fig. 8.3), normally arriving at term.

The first phase of normal retinal vascular
development occurs from birth to 14 weeks
post-conception. This is preprogramed and

neural in origin, and is often referred to as the
vasculogenesis phase. It is independent of
metabolic demands and can be altered by central
nervous system disorders. The second phase,
angiogenesis, is metabolically driven by a wave
of VEGF which leads the path ahead of the

Fig. 8.1 Hyaloidal vessels around the lens

Fig. 8.2 Hyaloidal circulation

Fig. 8.3 Retinal vessel growth from optic nerve to orra
serrata
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mesenchymal vascular front. Hypoxia is neces-
sary for astrocytes to release this VEGF wave.

Background of ROP

ROP is a bimodal disease that has been linked to
excessive oxygen exposure since the early 1950s
[1]. An initial phase of vessel loss (vasoobliter-
ation) is followed by a second phase of abnormal
new vessel proliferation [2]. Initially discovered
as a permeability factor, VEGF was later shown
to induce endothelial cell mitosis [3]. VEGF
mRNA has been shown to increase with hypoxia
and pathologic retinal neovascularization [3–6].
It is now understood that hyperoxia stops normal
angiogenesis, leaving an ischemic peripheral
retina, which releases supranormal levels of
VEGF and IGF-1, the stimuli for extraretinal and
sometimes intra-retinal neovascularization [5, 7].
With this overview, the pathophysiology of the
two phases of ROP can be understood.

Normal vascularization of the retina begins
from the optic disk at 16 weeks gestation and
radiates progressively towards the periphery (ora
seratta) at 40 weeks post-conception [8]. With
premature birth, the normal development of
retinal vessels taking place in utero abruptly halts
in the setting of relative hyperoxia. The supple-
mental oxygen given to premature infants leads
to a decrease in VEGF levels through a negative
feedback loop. The arrest of angiogenesis cor-
responds to a bump in oxygen saturation from
70% in utero to approximately 99% with respi-
ration of room air. This corresponds to a rise in
PaO2 from 30 mmHg to a range between 60 and
100 mmHg. The primitive vascular bed, in
response to the rise in oxygen levels, constricts in
an effort to auto-regulate the oxygen. When this
constriction persists for four hours or more, it
may result in irreversible vasoobliteration.

Phase I ROP takes place from birth to 30 to
32 weeks post conception. As the infant matures,
there is an increase in metabolic demands of the
retina. High ambient oxygen and consequent
vasoobliteration leave the peripheral retina

devoid of adequate circulation. This peripheral
non-perfused retina becomes hypoxic [2]. With
increasing oxygen demand in retinal tissue
devoid of circulation, a situation of ‘pathologic
hypoxia’ ensues [1].

Following Phase I vessel loss, pathological
neovascularization of the ischemic retina is
caused by supranormal quantities of VEGF [1].
Intravitreal injection of anti-VEGF agents has
been shown to significantly decrease the neo-
vascular response [9, 10]. Within 24 h of
intravitreal injection of 0.625 mg bevacizumab
in ROP stage 3 plus, a reliably marked decrease
in retinal neovascularization, plus disease, and
vessel leakage is demonstrated on fluorescein
angiography.

Phase II ROP takes place between 32 and
34 weeks post conception, driven by persistent
hypoxia leading to neovascularization. To com-
pensate for ischemia, rapid growth of new ves-
sels occurs at the junction between the
vascularized and avascular retina (see Figs. 8.4
and 8.5). Retinal hypoxia is partially compen-
sated by these new vessels, and decreases
intrinsic retinal vascular growth through negative
feedback [1]. These pathological vessels even-
tually transform to a fibrovascular cicatrix, which
extends from the retina to the vitreous gel and
lens. Cicatricial contraction can separate the
retina from its pigment epithelium, with ensuing
retinal detachment and loss of vision [2].

Fig. 8.4 Hypoxia-induced pathologic neovascularization
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Standard Versus Aggressive
Posterior ROP

Standard or Typical ROP is the most prevalent
form of ROP. It typically affects small- to
medium-sized preemies under 31 weeks gesta-
tion or 1250 g birth weight. Standard ROP fol-
lows the typical paradigm of the International
Classification of ROP proposed by CRYO-ROP.
The timing and progression from stages I to V
are predictable, as is the response to ablative
treatment.

Type 1 ROP or AP-ROP, is a disease of
micro-preemies, who are typically born between
22 and 25 weeks gestation, or very ill older
babies. Infants who experience sepsis, acidosis,
and unregulated or high fluctuations in O2 satu-
rations have a greater risk of developing this
disease. This is increasing in prevalence as
neonatologists with modernized NICUs and O2

monitoring are sustaining very low birth weight
micro-preemies. However, there is also an
increase in prevalence in countries that do not
have sophisticated NICUs and O2 monitoring.
These populations sustain slightly larger babies
that sometimes have unregulated and highly
fluctuating O2 levels that create a form of retinal
toxicity. This form of ROP is unfortunately the
least understood and is also potentially the most
devastating.

AP-ROP is often sinister, moving unpre-
dictably from flat neovascularization to retinal
detachment in a matter of days. In the Cryo-ROP
study, the majority of retinas with features of
AP-ROP progressed to unfavorable structural
outcomes, including: retinal detachment, macular
folds, and retrolental fibroplasia. The ET-ROP
and BEAT-ROP studies were a concerted effort
to improve outcomes in cases of AP-ROP [11].
Figure 8.6 is an example of AP-ROP.

Characteristics of AP-ROP include

1. Location in zone 1 and posterior zone 2 as
defined by the leading edge of vascular
development.

2. Disobeys ICROP classification and can
rapidly progress from stage 0 to retinal
detachment, within a matter of days or weeks.

3. Very high vascular activity as defined by
increased VEGF burden, heavy neovascular-
ization, and prominent tunica vasculosa
lentis.

4. A poorly mydriatic stiff iris with
neovascularization.

5. Presence of hyphema or vitreous hemorrhage
relating to the tendency of the tunica vascu-
losa lentis and flat or elevated neovascular-
ization to bleed.

6. Aggressive plus disease.

Fig. 8.5 Hypoxia-induced pathologic neovascularization

Fig. 8.6 Aggressive posterior ROP
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7. Heavy exudates in the vitreous and retina.
8. Massive extraretinal neovascularization.
9. Flat neovascularization.

10. Bizarre patterns of vascular development,
sometimes more aggressive nasally than
temporally.

11. Requirement for early treatment and multiple
treatment sessions to reduce vascular activity.

Smoldering ROP

Typical ROP is a mono-phasic vasculopathy in
which threshold for laser ablation occurs in some
eyes reliably between 33 and 38 weeks
post-conception, and the minority that progress
to retinal detachment usually do so within a few
weeks after the due date. Traditionally, a child
who reaches 45 weeks post-conception without
developing pre-threshold features is considered
to be at low or no risk for retinopathy of pre-
maturity associated retinal detachment. This
concept was first proposed in the Cryo-ROP
study.

Cases of ROP progressing to retinal detach-
ment without developing plus disease or
pre-threshold characteristics have been observed
to occur in the past decade. These eyes have
aborted vascular development and are stuck in a
state of perpetual non-perfusion and retinal
ischemia, otherwise known as Smolder-
ing ROP. Retinal vascular maturation fails to
develop, but there is no sufficient VEGF pro-
duction to create an active shunt and major
neovascular proliferation. These eyes are in a
non-ending ischemic state and are at risk for
developing macular dragging and late retinal
detachment, much later than 50 weeks
post-conception. In fact, there have been cases of
teenagers developing spontaneous tractional
detachments after having neonatal ROP that
regressed without ablative treatment.

Some of the common characteristics of
Smoldering ROP include:

1. A stagnant or fixed leading edge of
angiogenesis.

2. Minimal shunt, plus, or neovascularization.
3. Fibrovascular plaque in anterior zone 2 or

zone 3.
4. The development of multiple fibrotic con-

centric ridges, suggesting a stuttering pattern
of vascular growth.

5. Circumferential peripheral fibrous traction
that can lead to macular dragging, posterior
exudation, and a relatively dry retinal
detachment.

Prior to the anti-VEGF era this condition was
recognized; however its incidence was infrequent.
It occurs more often in children with intracranial
pathology such as intra-ventricular hemorrhage,
microcephaly, periventricular leukomalacia, sepsis,
necrotizing enterocolitis, acidosis, high output
congenital heart disease, thrombocytopenia,
hypoxia, and respiratory distress. Definitive treat-
ment requires semi-confluent ablative laser to the
non-perfused zones. This can be guided by
fluorescein angiography.

In the anti-VEGF era, Smoldering ROP is being
seen with increased frequency in cases that have
received anti-VEGF treatment with regression of
neovascularization and simultaneous loss of the
metabolic drive for vascular development. Cases of
late onset retinal detachment after anti-VEGF
therapy are largely cases of Smoldering ROP
with predominately fibrous proliferation. It is
important to recognize this condition and perform
ablative treatment when it is clear that intrinsic
retinal development has failed. In our practice, a
“line is drawn in the sand” at the first birthday,
which usually corresponds to approximately
75 weeks post-conceptional age. By this time, if
the leading edge of vessel development has not
reached the ora serrata, in our experience it is
unlikely to ever do so. These eyes will remain at
risk for fibrous traction/smoldering ROP, poten-
tially for the life of the patient. This risk can be
eliminated by semi-confluent laser ablation of the
avascular retina, which is best performed using
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guidance with fluorescein angiography to define
zones of non-perfusion.

History of VEGF

In 1948, Michaelson hypothesized that a diffusible
angiogenic ‘factor X’ induced by hypoxia was
responsible for iris and retinal neovascularization
associated with ischemic retinopathies [12]. This
factor was later found to be a glycoprotein vascular
permeability factor (VPF) [12]. Independently, in
1989 Leung et al. isolated this same glycoprotein
from pituitary follicular cells with characteristics of
an endothelial mitogen, labeled vascular endothelial
growth factor (VEGF) [12]. Simultaneously, Keck
et al. also discovered a tumor-derived factor inducing
vascular permeability, and officially named it ‘Vas-
cular Permeability Factor’ [12]. It was proven sub-
sequently that these factors were in fact all the same
‘factor X’ originally described by Michaelson [12].

Additional support for the ‘factor X’ concept
comes from studies of primate retinas that devel-
oped neovascularization in response to laser pho-
tocoagulation [12]. A diffusible VEGF MRNA was
implicated as the instigating agent [12]. Further-
more, patients with active pathologic neovascular-
ization consistently have elevated levels of VEGF
Mrna comparison to controls [12].

Type 1 ROP—The CRYO-ROP Study

The CRYO-ROP study is still one of the largest
ROP studies to have been done, even 30 years
later. Although cryotherapy has now been replaced
by newer interventions, the landmark study helped
establish the framework for ROP treatment strate-
gies and clinical studies employed today. The
International Classification Staging System for
ROP was used in the CRYO-ROP study as a
means to classify the different stages of ROP [13].

In CRYO-ROP, 291 premature infants
weighing less than 1251 g with threshold ROP,
stage III+ in five contiguous or eight cumulative
clock hours, were enrolled. Of these 291 infants,
254 survived [14]. At 15 years of age,

unfavorable ocular structural outcomes defined
as posterior retinal folding or worse were judged
by study-certified ophthalmologists [14].

The fifteen year outcomes were favorable for
typical ROP. In contrast, zone I disease had unfa-
vorable outcomes in approximately 50%. This has
led to alternative treatment paradigms as the Mul-
ticenter Trial of Cryotherapy of ROP reported sta-
tistically significant evidence that ablation of the
peripheral nonvascularized retina of premature
infants affected with ‘threshold’ ROP was safe and
effective [14]. The question of stability of treatment
benefit was answered by the 15-year outcome data
of the CRYO-ROP study. Complications of stage
III ROP occur decades after treatment, and include:
retinal detachment, retinal degeneration, pigment
atrophy or migration, cataract, glaucoma, band
keratopathy, and hypotony. CRYO-ROP found
30% of treated eyes and 51.9% of control eyes
(p < 0.001) had unfavorable structural outcomes
[14]. Between 10 and 15 years of age, new retinal
folds, retinal detachments, or obscuration of the
view of the posterior pole occurred in 4.5% of
treated and 7.7% of control eyes [14]. Unfavorable
visual acuity outcomes were found in 44.7% of
treated and 4.3% of control eyes (P < 0.001) [14].
CRYO-ROP concluded that near confluent
cryo-obliteration may reduce progression of zone 2
threshold ROP to unfavorable structural outcomes.
The near confluent treatment may also reduce the
need for re-treatment [14].

The ET-ROP Study

ET-ROP explored the possibility of obtaining
better structural outcomes by treating high-risk
‘pre-threshold’ cases of ROP as opposed to
waiting until threshold, as done in CRYO-ROP.
From the CRYO-ROP experience, the study
criteria was developed to identify high-risk cases
for early treatment with ablation. High-risk
‘pre-threshold’ cases were defined as

1. ROP any stage in zone l.
2. Zone II stage 2 with plus disease.
3. Zone II stage 3 with or without plus disease [11].
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Based on patient data from the CRYO-ROP,
the ET-ROP study defined high risk as having a
� 15% chance of an unfavorable outcome [11].
One eye was kept as a control, it was treated with
ablation if threshold was reached.

The 2005 review by the original investigators
demonstrated three specific advantages with the
early treatment of high-risk pre-threshold ROP
cases. The major finding was the reduction in
unfavorable visual outcomes occured in the treat-
ment group by 5.5% (p < 0.005) [11]. The control
eyes of bilateral cases provided additional support
as discordant outcomes in two eyes out of 33
infants with bilateral disease; this provided stronger
evidence of the beneficial effect of treatment for at
high-risk pre-threshold ROP (P < 0.005) [11].
Structural outcomes at 9 months provided addi-
tional data to support earlier treatment. The treat-
ment group had reduced unfavorable structural
outcomes from the 15.6% of conventional treat-
ment group to 9.0%, a 6.6% difference across the
groups (p < 0.001) [11].

The latest findings published in 2011 showed no
statistically significant overall benefit when com-
bining Type I and II cases (18.1 and 22.8%
p = 0.08) [15]. However, high-risk Type I cases
showed a benefit in early treatment compared to
control (16.4 vs. 25.2% respectively, p = 0.004),
and an outcome of 21.3 versus 15.9%, p = 0.29 for
type II cases [15]. The latest review by the ET-ROP
Cooperative Study Group recommends early
treatment of Type I eyes, and Type II eyes should
be followed closely and without treatment [15].

The pre-threshold types defined by ET-ROP
predictably occur between 35 and 37 weeks
post-conception. The neovascularization is typi-
cally extravascular and responds predictably to
standard laser ablation of the avascular retina
with a success rate of around 99% when timed
appropriately.

The reasoning behind this aggressive stance is
that it is difficult to predict which of these cases
will have a fulminant course. Although following
ET-ROP recommendations may lead to treating
significantly more babies than actually necessary,
the benefit of reducing unfavorable outcomes
requires treating some patients that would have
matured well without treatment. ROP is

unforgiving in terms of timing, making it difficult
to know which cases require treatment.
Once ROP accelerates to massive fibrovascular
proliferation and cicatricial contraction, the
prognosis deteriorates rapidly. ET-ROP advo-
cates ‘over treat’ some cases in order to prevent
any child from losing vision. Systemic compli-
cations of early treatment in high-risk
pre-threshold cases were greater than conven-
tional including: apnea, bradycardia, and reintu-
bation. One must also consider the ocular
implications of treatment and potential secondary
effects, which include

1. Constriction of the visual field.
2. High myopia.
3. Inflammatory changes such as synechiae,

choroidal effusion, uveitis.
4. Macular pigment alteration.
5. Late onset glaucoma and cataract.
6. Anterior segment ischemia.

Spontaneous Regression
Complications

Although ROP is an unforgiving disease, there
are instances where regression occurs sponta-
neously. However, these cases require lifetime
follow-up as the following complications may be
encountered:

1. Myopia/Anisometropia.
2. Macular dragging.
3. Amblyopia.
4. Cataract.
5. Glaucoma.
6. Late retinal detachment.

The BEAT-ROP Study

BEAT-ROP comparatively studied the outcomes
of laser and bevacizumab therapies in 150 infants
with bilateral ROP in zone I or posterior Zone II
stage 3+ disease [16]. RetCam photography was
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used to document ROP before randomization;
eligibility was established by the treating oph-
thalmologist and confirmed by a second oph-
thalmologist on the basis of electronically
transmitted RetCam images [16]. One hundred
and fifty infants were randomly assigned to two
separate groups:

1. Standard confluent laser ablation and fill in
for skip areas performed up to 10 days later.

2. Intravitreal injection of Avastin 0.625 mg one
dose; a second dose was given for beva-
cizumab arm recurrences [16].

Cross treatment between groups was not per-
formed as one eye could affect the other. Beva-
cizumab and VEGF within the circulation and/or
substantial inflammation released from laser
could confound findings in the other eye and
potentially result in irreversible deprivation
amblyopia [16].

BEAT-ROP showed an advantage of beva-
cizumab over ablation in lowering as recurrence
55 weeks. In contrast to CRYO-ROP and
ET-ROP, BEAT-ROP looked at recurrence of
neovascularization rather than anatomical struc-
ture as the primary outcome. (Recurrence of
neovascularization in one or both eyes by
54 weeks’ postmenstrual age, with ascertainment
performed between 50 and 70 weeks) [16].

BEAT-ROP demonstrated the advantage of
bevacizumab over laser ablation for Zone I and II
as recurrence for the two groups vs 26% (beva-
cizumab) to 6% (laser) (<0.003) (see Fig. 8.5)
[16]. In Zone I alone, the difference was 42 vs
6%. However, the study noted Zone II posterior
disease results alone did not differ significantly
between both groups [16]. Risk of systemic side
effects of bevacizumab could not be determined
due to small sample size, so caution is warranted
when using this medication in a developing
preemie [16].

A review of published literature along with
our experiences on this topic failed to disclose a
definitive case of systemic toxicity attributable to
anti-VEGF therapy in the dose ranges commonly

employed. Zone I ablated eyes also reported
higher rates of visual field loss, as laser resulted
in permanent destruction of vessels and retina
while bevacizumab treated eyes demonstrated
continued vessel growth into the peripheral retina
[16].

Treatment for Typical ROP

First we consider treatment for typical
ROP. About two-thirds of cases treated in
Southern California have this form of
ROP. When the disease is anterior to the equator
and the vascular burden is not severe, then it is
most reasonable to do semi-confluent laser
treatment. One way to lower complications of
laser is to treat only anterior to the equator.
Because the anterior retina does not serve vision,
visual field loss will be minimal. In these cases,
we see a very high success rate with minimal
complications. As far as timing of treatment, we
toe the midline of the CRYOROP and ETROP
studies. If there is significant plus disease and a
significant burden of stage 2 and 3 disease, then
we recommend treatment. Clinical judgement is
required to recognize these findings, and this
comes with experience. We do not recommend
treatment at the first sight of stage 2 plus or 3
plus disease; we reserve treatment until there is a
significant degree of vascular activity and ROP
burden. Unlike the situation during ET-ROP, we
now have the option of anti-VEGF therapy for
cases that get too aggressive while under close
observation. Because many of these cases will
resolve spontaneously, this approach allows us to
avoid unnecessary treatment in a significant
number of neonates.

Pharmacomodulation Versus Laser

Certain techniques with laser can minimize
adverse changes by titrating down the laser
energy, doing non-confluent or semi-confluent
treatment, or selective/focal laser treatment.
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Although ablation is the gold standard and most
proven therapy, we are now able to augment this
treatment with pharmacomodulation of the eye’s
biochemistry. The potential advantages with
pharmacomodulation of retinovascular develop-
ment are as follows:

1. It is nondestructive.
2. It changes the aggressive tempo of the disease

and takes the pressure off of the treatment
timeline.

3. It gives an opportunity for the intrinsic retinal
vasculature to develop over time.

4. It can serve as a bridge to take the child from
pre-due date to post-due date, which is associ-
ated with a change in the biochemistry intrin-
sically such that VEGF levels go down and
TGF-b (antagonistic to VEGF) levels go up.

5. It immediately arrests VEGF activity so that
the rapid progression of fibrovascular prolif-
eration to retinal detachment can be aborted
more effectively.

6. The results are more rapid than with laser
treatment because it immediately soaks up the
VEGF in the retina and vitreous cavity.

7. In a critically ill newborn preemie, it is much
less stressful to the child to have an injection
than having a laser procedure.

Although promising, anti-VEGF therapy has
its own constellation of potential problems

a. Possibility of creating infectious endopthalmitis.
b. Traumatizing the lens creating a cataract.
c. Perforating the retina creating a tear or rheg-

matogenous detachment.
d. Potential systemic effects on organogenesis at

a time when the neonate is very much still
developing.

e. Potential optic nerve infarction or atrophy
from elevated IOP.

f. Delay of intrinsic retinal vascular development.
g. Accelerated neovascularization or membrane

contraction (crunch).

h. Glaucoma or hypotony observed on
follow-up examinations up to 20 months after
the BEAT-ROP trail.

Systemic Modulation in ROP

Anti-VEGF and laser therapy offer two different
treatments. The current focus on anti-VEGF and
laser has brought about different interventional
paradigms. One is pharmacological, and the
other alters geography and is photo destructive.
This focus often overlooks an important third
strategy for treating ROP, the modulation of
systemic parameters.

Systemic modulation includes techniques such as

1. Transfusing liberally,
2. Keeping the O2 saturation low in the first

6 weeks of life (usually in the 80 to low 90 s
to prevent vasoobliteration after 4 h of con-
striction the architecture never dilates).

3. Avoiding growth factors such as erythropoietin,
which is often given to correct anemia but may
also stimulate retinal neovascularization.

4. Increasing the O2 levels to the high 90 s when
pre-threshold ROP appears. (usually after
6 weeks) since retinal vessels have
auto-regulations, an increase in O2 makes the
plus disease deminish. The findings of the
STOP-ROP study did not receive much credit
because of the high p value but there was an
observed trend where stage three plus disease
diminished.

Current Anti-VEGF Treatment
Guidelines

Guidelines for anti-VEGF treatment are not
universally accepted and current treatment varies
from clinician to clinician. The BEAT-ROP
study was monitored by the FDA and paved
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the way for widespread acceptance of Avastin
(bevacizumab) for ROP in North America in an
off-label manner. However, it is still not agreed
when it should be used.

Some countries in Latin America and Asia are
giving bevacizumab as universal treatment and
have claimed universal success. These countries
have had the most experience with Avastin for
ROP because they started well before the
Americans got approval for use. There are mul-
tiple case series with thousands of patients. Some
groups that are using it universally claim that
recurrences or retinal detachments do not occur.
Experience of our group and others throughout
the United States strongly suggest that late
complications of anti-VEGF therapy occur with
regularity, and include the following

1. Smoldering ROP.
2. Late retinal detachment.
3. Late macular dragging.
4. Late epiretinal membrane.
5. Late macular fold.
6. Late neovascularization and vitreous

hemorrhage.

There are many who do not believe that
anti-VEGF treatment resolves the disease in the
same manner that ablative laser does. Ablative
laser is akin to ‘fixing it and forgetting it’. If you
are not able to reliably follow the child, then laser
ablation becomes a more favorable option over
pharmacological anti-VEGF treatment.

An important consideration in BEAT-ROP is
that the study end point was at 57 weeks. Regret-
tably, this is too early as the timeline of the disease
is altered dramatically after injecting anti-VEGF.
As a participant of BEAT-ROP we have seen many
enrolled cases develop traction or proliferation after
the endpoint of data submission. Our group
examined patients who had anti-VEGF treatment at
or around their first birthday and found that
one-third had concerning peripheral retinal vascular
phenomenon, including

1. Smoldering fibrovascular proliferation.
2. Wide zones of non-perfusion.

3. Leaking and dilated blind-ending vessels.
4. Late traction formation.

Parents of infants with ROP need to have a
basic understanding of the disease process, the
possibility of complications, and further inter-
ventions. Given the broad range of potential
complications from ROP, parents of premature
infants need to understand the importance of
consistent care and follow-up with a pediatric
ophthalmologist who is familiar with ROP and
the complications that may arise. Consistency in
follow-up appointments is crucial because com-
plications can present at any time [17].

Since avastin therapy may delay vasculariza-
tion of the peripheral retina, with recurrence can
occur more frequently than laser therapy. For this
reason why one of the requirements for
anti-VEGF monotherapy is commitment by par-
ents to close, long term, follow up. Ideally, this
would occur on a biweekly basis until the retinal
vessels extend within 2 disk diameters of the ora
serrata or the peripheral retina receives late
ablation. We prefer to guide later ablative ther-
apy with fluorescein angiography, which clearly
delineates the hypo-perfused zones.

The increased burden associated with fol-
lowing these patients coupled with the more
frequent clinic visits makes anti-VEGF a more
taxing treatment modality, but well worth the
effort if peripheral vision loss and myopia can be
avoided. Laser treated stage 3+ ROP or AP-ROP
eyes have been shown to have significantly
higher prevalence of myopia and high myopia
when compared with bevacizumab monotherapy
in both zones I and II posterior ROP [16]. The
value of long-term, regular follow-up of eyes that
experience threshold ROP is significant, as new
structural findings and retinal detachments are
seen in eyes even at 10 years of age.

Experience dictates that children who do not
vascularize to the periphery by 75 weeks’
post-conception age (typically around the first
birthday) require ablation. We usually tell fami-
lies that if they choose anti-VEGF, they need to
commit to a fluorescein angiogram at the first
birthday. If the angiogram shows ischemic areas,
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these are then ablated with laser. We cannot
leave preemies with an indefinite state of
peripheral non-perfusion.

The addition of anti-VEGF therapy to the
armamentarium allows the flexibility to observe
rather than treat on some early zone I cases. We
can afford to closely observe rather than rush to
treat because we have the anti-VEGF available
for rapidly advancing cases. The ET-ROP
guidelines, while appropriate for the laser era,
may not be always appropriate today with the
availability of anti-VEGF therapy. Waiting and
monitoring if anti-VEGF is required allows for
fewer babies to require treatment in early Zone I
cases. If ROP resolves spontaneously, the retinal
vessels are more likely to develop to the ora
serrata than if anti-VEGF therapy was used early;
this is the best possible outcome as they do not
require any intervention and get well on their
own.

Anti-VEGF monotherapy has the benefits of
being elegant, specific, and nondestructive; it
avoids anterior segment ischemia and iris/lens. It
allows preservation of visual field especially in
Zone I disease, and there is a reduction in the
degree of myopia. Anti-VEGF monotherapy is
simple, quick, and can be done under topical
anesthetic, without the need for sedation or
general anesthesia. Furthermore, the use of
Anti-VEGF agents spares the fragile infant from
intubation, post-operative steroids, and cyclo-
plegics that each come with their own side effect
profiles.

When to Treat with Anti-VEGF

Which cases are most appropriately treated with
Bevacizumab? A simple grading system was
developed by Dr. Tawansy after retrospective
study of 100 cases of AP-ROP and 310 acute
ROP detachments. The Vascular Activity Score
(VAS) has five different categories, with a max-
imum score of 10 points. It correlates linearly
with anatomic failure after Pars Plana Vitrectomy
and helps to guide Avastin therapy.

1. Fetal Vessels.
2. Extent of Plus Disease.
3. Shunt Width.
4. Neovascularization.
5. Hemorrhage or exudate.

A VAS score of >6 would be an indication for
primary anti-VEGF therapy.

When to treat with anti-VEGF

1. If the disease is posterior to the equator.
2. If there is a high vascular burden.
3. If there is impending retinal detachment.
4. If part of the retina is detached.
5. If there is vitreous hemorrhage obstructing

the view.
6. If the pupil is myotic and will not dilate.
7. If there is any other medio-opacity such as a

congenital cataract.
8. If you are planning to do a vitreectomy to

clear blood or repair retinal detachment.
9. If the child is too ill to tolerate laser treatment.

10. Planned combination therapy/late detection.
11. In borderline cases if the family is committed

to follow-up.

ROP Crunch

ROP Crunch is a phenomena observed in cases
where bevacizumab is injected relatively late in
the course of ROP. While the drug decreases
retinal neovascularization, bevacizumab can also
promote progression of the disease to retinal
detachment when there is a significant burden of
traction on the retina. Bevacizumab and other
Anti-VEGF agents have been used for primary
therapy, salvage therapy, and for differing
degrees of disease such as; threshold disease,
type I pre-threshold disease, stage 3 alone, and
stage 4a diseases. It is debuted when and how
often we need to inject with bevacizumab. Cur-
rent literature and practical experiences have
shown that timing is crucial for success. Late use
results in disasterous ROP Crunch. If used too
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early bevacizumab may cause significant delay
of normal retinal vascularization. The former,
ROP Crunch, progresses rapidly to inoperable
retinal detachment. Evidence has been shown, in
cases where conventional laser treatment has
failed, that intravitreal bevacizumab is effective
as an adjunct to laser or surgery [18]. If the
disease progresses after the initial injection, one
may; inject additional anti-VEGF or opt to use
conventional laser treatment. It is important to
note that in these cases it is up to the discretion of
the treating surgeon to ascertain which steps to
take.

Different Types of Anti-VEGF

Two types of anti-VEGF are available for the
treatment of ROP: Avastin (bevacizumab) and
Lucentis (ranacizumab). Both have similar clin-
ical effects; their differences are related to
molecular size and practicality. A major consid-
eration is the cost difference, which usually
favors Avastin. This is important as many health
insurance companies currently do not reimburse
for the use of anti-VEGF agents in ROP.

Avastin is a bigger molecule, implying that it
is more likely to remain within the vitreous
cavity instead of escaping into the systemic cir-
culation. Systemic side effects are a concern;
premature infants have vascular development
occurring throughout their entire bodies. The
Anti-VEGF could adversely affect the normal
vascularization of developing organs. While
there have not been any serious documented side
effects, a study has explored the effect of
anti-VEGF on brown fat in new born mice. The
study demonstrated reduced levels of brown fat
following injection with anti-VEGF: “There is a
transient, but significant impact of intravitreally
administered anti-VEGF antibody on brown
adipose tissue in neonatal mice [19].

Vascular activity goes down dramatically
within 24 h of Avastin injection in virgin eyes
and the effect is sustained (see Figs. 8.7 and 8.8).

However, this treatment is not nearly as effective
in salvage therapy of eyes having prior ablation
most likely the Anti-VEGF escapes the vitreous
cavity through fenestrations neonatal by laser
treatment. Once neovascularization resolves and
intrinsic vessels cross the ridge (usually within
one to two weeks), the growth delay can be
variable, making follow-up all the more critical
in these patients. Per BEAT-ROP, bevacizumab
therapy is associated with fewer recurrences than
laser therapy at the study end point. However,
when we have followed these eyes over subse-
quent months, late recurrences have been seen
with increased frequency in bevacizumab treated
eyes. Recurrences arise at two distinct locations,
the leading edge of vascular development and the
original fibrovascular ridge/EFP complex. Most
vascularize to the ora, while one-third remain
non-perfused, leading to smoldering ROP and
late dragging or retinal detachment at any time.

When to Treat with Laser

Treatment with Laser is recommended for the
following situations:

1. When the disease is typical.
2. When the disease is anterior to equator.
3. When the vascular burden is not great.

Fig. 8.7 Reduced vascular activity 36 h post anti-VEGF
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4. In cases of smoldering ROP.
5. If the family is unreliable for follow-up or

they live at a distance.

Considering Dual Treatment

Should one ever consider both treatments in the
same sitting? Yes if the disease is posterior,
vascularly active, and there is a good chance the
child will be lost to follow up. In dual treatment
you can give laser anterior to the equator and
anticipate that the intrinsic vasculature will reach
the edge of the laser area. When feasible it is
preferable to administer Avastin 48 h prior to
ablation, thereby preventing its escape through
fenestrations caused by the laser. In salvage
therapy, serial anti-VEGF injections are required
as the drug readily escapes through laser-induced
channels. This also significantly increases the
risk of systemic toxicity.

Anti-VEGF Dose

A topic of interest arising from the BEAT-ROP
study is the dose of anti-VEGF. A ‘correct’ dose
has yet to be worked out systematically. The
BEAT-ROP study used a dose of 0.625 mg, half
the typical adult dose. This amount was selected

on the basis of practical issues without much
knowledge of how much anti-VEGF is required.
A premature infant’s eye cannot tolerate much
more than 0.625 mg unless it is concentrated.
Importantly, higher doses should be avoided as
the increased volume can raise occlude pressure
and occlude the central retinal artery. It is crucial
to recognize the relationship between volume
and radius. The concept of volume being pro-
portional to the radius to the power of 3 means a
smaller radial diameter affects the volume much
more. Thus, even though these eyes are only one
fourth shorter than adults, their volume is
one-sixth; this places a constraint on the maxi-
mum dose. Additionally, lower doses of beva-
cizumab may imply less tendency to suppress
intrinsic retinal vascular development, thereby
lowering the associated risk of Smolder-
ing ROP. A dose response study has yet to been
done to assess these issues. Higher doses can be
given, and as much as ¾ of the adult dose may be
warranted in very severe cases. Reinjection
weeks later due to recurrence is sometimes, but
rarely, necessary. Clinical response can be seen
within 28–48 h in terms of reduction of plus
disease in diminishing of the tunica vasculosa
lentis, melting away of the ridge, and fading of
extra retinal neovascularization. The term ‘hell
freezes over’ is akin to what is seen. Subsequent
to the injection, almost nothing happens within
the first month and vascular development
becomes stagnant. As the anti-VEGF fades, the
intrinsic vascular retinal development resumes
along with extra retinal neovascularization.

Injection Technique

There are certain considerations to take before
injecting anti-VEGF agents. The lens is dispro-
portionately large in preemies, and they do not
have a pars plana Traumatic cataract is a catas-
trophe, as performing cataract surgery in a pre-
term infant with ROP and ischemia is associated
with re-proliferation and pupillary closure. The
reason is due to the high rate of re-proliferation

Fig. 8.8 Reduced vascular activity 36 h post anti-VEGF
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and the inability to effectively remove the entire
lens (One of the risk factors for proliferative
membrane is early lensectomy in a premature
child as it is not possible to remove the entire
lens. Early lensectomy has a very high incidence
of re-proliferation). Avoid hitting the lens at all
costs. It is safer to perforate the retina than it is to
hit the lens. The BEAT-ROP study demonstrate
that a retinal perforation in nonvascularized
retina may seal without leadling to retinal
detachment.

The injection is given with a sterile technique
using betadine prep and cotton pledget with
tetracaine or piperacaine to anesthetize the eye.
A 31 gauge 5 mm needle is used on an insulin
syringe and is primed so that there is no dead
space in the needle. The injection is typically
given 1 mm posterior to limbus and directed
towards the equator rather than towards the
posterior pole. Enter temporally and going fur-
ther temporal to avoid hitting the lens. Always
check the optic nerve perfusion and IOP after-
wards to ensure good perfusion.

Tips for using laser in type 1 or AP-ROP

1. Study the circulation carefully and try to
define the anterior edge of intrinsic vascula-
ture. One can be fooled by flat neovascular-
ization and normal choroidal vessels in
posterior cases. Fluorescein angiography is
often a helpful guide.

2. Be aware that the amount of laser energy
required to get a good take may be signifi-
cantly higher in the posterior retina than in the
periphery. Titrate power appropriately.

3. In a highly vascular eye, be careful not to
depress or manipulate the globe with force as
it will lead to hemorrhage and leakage from
the tunica vasculosa lentis.

4. Consider titrating the amount of laser treat-
ment given and distributing it over several
sessions. One might want to titrate it and
break it up int. By doing this you can monitor
the treatment response and minimize

inflammation and choroidal effusion. It may
be easier on the child.

5. Avoid hitting the iris or the tunica vasculosa
lentis.

6. Consider light treatment over flat neovascu-
larization and also consider in refractory cases
treating directly over the ridge or feeder
vessels that perfuse the ridge.

7. Avoid treating retina that is detached as it can
create holes; cryo can be used for these areas.

8. Consider using cryo in areas of robust
neovascularization.

9. When doing serial laser treatments, consider
using minimally invasive anesthesia such as
oral sucrose and acetaminophen rather than
intubation.

Beware of flat neovascularization. Do not
confuse this with the edge of vascular develop-
ment. The edge of the normal vessels may be
further posterior if there exists flat neovascular-
ization. Areas of flat neovascularization that are
covering the retina need to be treated but care
must be taken as they tend to bleed. When
treating posterior disease, the power require-
ments are often higher. It may be reasonable to
break the laser treatment up into multiple sittings.
Avoid putting in too much energy at once
because it will cause choroidal effusion and a
higher chance of anterior segment ischemia.
Avoid treating the long posterior ciliary neu-
rovascular bundle that travels within the choroid
at 3 and 9 o’clock positions; ablation of these can
create anterior segment ischemia and lead to
corneal opacity, cataract, and massive fibrin
production. Sometimes retinopathy can be con-
trolled by treating the neovascularization itself
and ‘strangulating’ it by getting to the base of its
blood supply. Generally, we think it is potentially
dangerous to put in more than 500 spots in any
given session. Be gentle about manipulating eyes
with posterior disease because they often have an
active tunica vasculosa lentis which are the fetal
vessels.
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Conclusion

The rising prevalence of ROP throughout the
world in association with modernization of
neonatal intensive care units remains a major
health concern. There have been significant
advances in the treatment of AP-ROP since the
fundamental findings of the CRYO-ROP study.
Retinal vascular development, plus disease, reti-
nal neovascularization, and apoptosis of fetal
vessels can be manipulated by systemic variables
such as oxygen saturation, nutrition, and hemo-
globin levels. In conjunction with systemic
manipulation, proven local therapies such as
retinal ablation with laser or cryotherapy,
anti-VEGF agents, and possibly steroids are
currently the standard of care. With different
approaches to treatment, management strategies
and treatment paradigms vary amongst centers
and differ widely. Present-day treatment is more
like a chess match rather than a cook book
recipe. In prior years, ophthalmologists followed
the CRYO-ROP recommendation of 5 contigu-
ous or 8 cumulative clock hours, and the decision
of whether to laser was based on the presence of
threshold. Later, some started treating
pre-threshold and ET-ROP validated this notion.
STOP-ROP reduced the progression from
pre-threshold to threshold in certain cases with
maintenance of high oxygen saturation. Laser
treatment has evolved into several techniques,
including confluent, semi confluent, near con-
fluent, serial, into the ridge, or over flat neovas-
cularization. It can be directed focally into areas
of ischemia or cover the entire avascular retina.

The introduction of anti-VEGF agents brought
questions responding the different types of
anti-VEGF, dosages, timing of administration,
and serial versus single injections. In combina-
tion therapy utilizing two or more modalities, the
order of each treatment used is another variable
to consider. The vascular activity score can help
guide the decision making process. The experi-
ence of the treating surgeon should also be taken
into account as treatment is dependent upon,
level of comfort, in using specific therapies. With
new ideas and proven therapies being used

together, currently there exists no uniform pro-
tocol in the treatment of ROP.

It is important to remember that anti-VEGF is
not a panacea; treatment requires committed
follow-up and may eventually necessitate late
laser ablation. Laser remains the most proven in
terms of ‘putting the disease to bed’, so if we
only had one choice it would be laser. It is
helpful to follow the above listed practical tech-
niques and methodologies when using laser,
anti-VEGF, or dual therapy. Collected data from
the landmark studies and practical clinical
experiences myriad an approach to the different
circumstances and characteristics that are
encountered with ROP. The myriad of approa-
ches, techniques, and treatments need to be
orchestrated synergistically, considering modali-
ties in conjunction as well as in single applica-
tion. The overarching goal is to be as minimally
invasive as possible while achieving excellent
visual outcomes for all babies.
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9Management of Stage 4 ROP

B. Andrés Kychenthal and S. Paola Dorta

Abstract
Successfully managing stage 4A ROP retinal detachment, that is, a partial
detachment not involving the fovea, is the last opportunity of obtaining
good vision in these eyes. The onset of stage 4 is thus a therapeutic
window that cannot be missed. All efforts must be placed on a timely
diagnosis and intervention. Performing a lens-sparing vitrectomy in eyes
with stage 4 ROP results in very good anatomical and functional outcomes
in the majority of the cases. The use of antiVEGF drugs prior to the
vitreoretinal surgery, to induce regression of the neovascular activity, can
further improve these results and allow earlier and safer interventions.

Keywords
Retinopathy of prematurity (ROP) � Retinal detachment � Neovascular
activity � Vitrectomy � Bevacizumab

Introduction

Despite efforts for adequate screening and treat-
ment, retinal detachment does continue to occur in
some patients with ROP. Although retinal ablation
is effective in most cases of threshold ROP, 12%
of the eyes in the early treatment for retinopathy of
prematurity (ETROP) randomized trial detached
before 9 months corrected age despite timely

peripheral ablation [1]. Advanced ROP remains a
significant problem in many countries around the
world, being the leading cause of childhood
blindness in many of them. ROP has been affect-
ing emerging economies and middle-income
countries where the rates of disease requiring
treatment tend to be higher [2, 3].

An increase in the more posterior forms of the
disease and the lack of a timely diagnosis or
treatment are responsible for the occurrence of
some of these cases.

Although the introduction of anti-proliferative
therapy might improve outcomes and thus
decrease the occurrence of retinal detachments,
there are very important issues associated with the
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use of these drugs in relation to retinal detach-
ments. First, for the drug to be effective it has to
be injected at the appropriate time. There are still
too many places where ROP screening is not
good enough and a timely intervention will not be
possible. If the antiVEGF is injected too late, it
might provoke or accelerate the development of a
retinal detachment. Second, late onset detach-
ments can occur in babies treated with these drugs
even many weeks after an initial regression.

Visual outcome in eyes with retinopathy of
prematurity-related retinal detachment is gener-
ally very poor [4, 5]. Neither the stability of the
detachment nor the progression rate is pre-
dictable following peripheral retinal ablation or
after the use of antiVEGF drugs [6, 7]. On the
other hand, adequate treatment can achieve good
anatomical and functional results [8–15].

The purpose when treating these cases is to
obtain as much vision as possible. When the
macula is still attached, the anatomical success
rate is approximately 90% [10–12, 15] and the
goal is an undistorted or minimally distorted
posterior pole, total retinal reattachment with
preservation of the lens and visual acuity in the
range of 20/60 [9, 14].

Surgical options for the management of stage
4 ROP include vitrectomy, either lens sparing or
combined vitrectomy lensectomy, and scleral
buckle.

This chapter will focus on the management of
stage 4A ROP, that is, macula-sparing detach-
ments. When a partial detachment is present but
the macula is involved (Stage 4B), the anatomi-
cal and visual objectives are more closely related
to cases with a total retinal detachment or stage 5.

There are many elements that are essential to
ROP surgery, the keys to a successful outcome
being when and how these cases should be
treated.

General Considerations

Surgical Team

A surgeon willing to address ROP retinal
detachments should keep in mind that pediatric

and especially ROP surgery is substantially dif-
ferent from vitreoretinal interventions performed
in adults. Proper training is thus required.

To do a safe operation on these very sick
preterms, the surgical team should include a
skilled pediatric anesthesiologist and a whole
group of professionals beyond the operating
room. The surgical intervention is only one ele-
ment in the objective of achieving not only good
anatomical but also good functional results.
Refractive treatments and managing amblyopia
also play a significant part. Pediatric ophthal-
mologists, neonatologists, vision therapists, and
support staff all play a role in the management of
these patients.

Surgical Anatomy

It must be taken into consideration by the sur-
geon that he will be operating on a small eye, that
preterms infants do not have a developed pars
plana [16] and that the lens is proportionally
bigger than in the fully developed eye. Entry
sites when performing a lens-sparing vitrectomy
should be only 0.5 mm posterior to the limbus
[17]. In those eyes that have been previously
photocoagulated, this distance might be
increased to 1–1.5 mm, thus minimizing the
threat to the lens [18]. It is worth noting that the
lens will not become cataractous, if it is only
touched by the instruments and the lens capsule
remains intact. If the surgical plan is to remove
the lens, then entering through the limbus would
be adequate in order to avoid any chance of
inadvertent retinal damage.

These particular anatomical issues should be
added to the particular configuration of the
detachment in order to define the most appro-
priate surgical approach for each case.

It should always be taken into consideration
that neither pre- nor postoperative retinal anat-
omy is predictive of the visual potential of an
eye. There are eyes that although having very
distorted retinas have better than 20/40 vision,
and on the other hand some eyes that have very
good anatomical results might see very poorly
[19].
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Preoperative Examination

In most cases, the retinal status of a preterm
patient can be determined in the neonatal inten-
sive care unit or in the office, but it is recom-
mended to perform a complete ocular assessment
as the first step in all surgical cases to confirm the
configuration and the extent of the detachment,
determine the best surgical plan including entry
sites and also to take images of the retinal status.
Sometimes this examination can be performed
under anesthesia just prior to the surgical inter-
vention. A good preoperative record of the retinal
status will serve both follow-up and medico-legal
purposes.

Informed Consent

A detailed informed consent should be signed by
the parents or legal guardian of the child. In
addition to the potential benefits and risk of the
procedure, it is advisable to state that the visual
potential of an eye might be affected by many
factors, not only ocular but also systemic and
developmental. Thus, no certainty regarding the
amount of vision can be promised at that point.

Postoperative Care and Follow-up

Postoperative posturing can be very difficult to
achieve in cases where face down positioning is
required. Parents can help in this task at least for
1 or 2 days. Preventing the child from removing
the eye patch or rubbing the eye can also be a
challenging task for the supporting staff.

Evaluation of the retinal status can also be
difficult in the immediate postoperative period.
Measuring the eye´s pressure can be very difficult
if not impossible and thus efforts to prevent
postoperative hypotony or glaucoma should be
taken into account in the surgical technique.
Although suturing all sclerotomies is mandatory
when using 20 gauge instruments to prevent

hypotony, sutureless techniques with 25 gauge
systems have proven to be safe [15].

In the follow-up of these patients, examina-
tion under anesthesia will sometimes be the only
way to perform a complete assessment.

Timing of the Surgery

The timing in which the surgery for a
ROP-related retinal detachment is performed is
one of the key elements to obtaining good
results. It always has to be taken into consider-
ation by everybody involved in the management
of these cases that:

• The time frame for an effective treatment is
short.

• The more advanced the detachment the worse
the anatomic and functional results.

• The stability of detachments is unpredictable
and their progression rate is variable. Even
partial retinal detachments can be associated
with extremely poor vision if left untreated.

There had been a misunderstanding that stage
4A might be stable and surgery should be per-
formed only after the macula is detached. Data
from the Cryo-ROP study showed that partial
detachments present three months after threshold
ROP are unstable anatomically, and the visual
outcome is generally poor. The best predictor of
structural outcome was the total area of the
detached retina as measured by the number of
segments of detached retina from the total of 34
segments: 92% of the eyes with 13 or more
segments had unfavorable structural outcome.

If retinal detachment occurs, the best chance
for a favorable outcome occurs when the
detachment does not progress beyond three seg-
ments [5] (Fig. 9.1).

This means that fixing initial detachments is
the last opportunity of preserving good vision in
these babies and that makes stage 4A a thera-
peutic window that cannot be missed.
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In eyes that were treated by laser prior to the
development of the detachment, surgical inter-
vention has typically been performed at approx-
imately 40 weeks postconceptional age,
classically between 38 and 42 weeks.

If adequate follow-up of the case is possible,
adjustments within this range and to this general
rule are induced mainly by the presence of active
vascularity. The presence of active vascular activity
is a serious problem leading to unfavorable surgical
results, and thus many authors advocate waiting
before performing vitreous surgery until they find a
vascularly quiet eye [9, 10, 20, 21]. The use of
antiVEGF drugs in recent years has prompted
changes in this timing, shifting interventions to
earlier postconceptional ages.

In cases of aggressive posterior ROP
(AP-ROP), some authors have advocated very
early surgical intervention, even performing a
vitrectomy before the presence of a retinal
detachment [22]. Now it seems more appropriate
to first use antiVEGF drugs, which have proved

very effective in these very severe cases of ROP
[23–28].

Great success rates can be achieved when
operating on stage 4A ROP. All efforts should be
made not to wait, but to intervene as soon as
possible when this diagnosis is made.

Surgical Techniques

General Aspects

As essential as the timing, that is when an operation
on ROP patients with retinal detachment should be
performed, is how that surgical intervention is
carried out. The surgical technique is thus a main
element in achieving good results.

There is more than one surgical option to treat a
stage 4 retinal detachment. These options include
mainly scleral buckling, lens-sparing vitrectomy,
and combined lensectomy–vitrectomy. These pro-
cedures in turn can be performed with diverse
surgical techniques. The use of pharmacological
aids might also play a significant role in the man-
agement of these detachments, and their use must
therefore be taken into consideration.

Each case should be evaluated independently,
and all local and systemic factors should be
included in the deliberation to decide the best
surgical approach for each eye.

The goal in surgical procedures for stage 4
ROP is mainly to stop the shrinkage and traction
of the fibrotic tissue developed from the regres-
sion of the neovascularization. As previously
mentioned, both vitrectomy and scleral buckle
can be used to treat stage 4. Considering that
vitreous surgery can effectively interrupt the
progression of ROP retinal detachment by
directly addressing trans-vitreal traction resulting
from fibrous proliferation and that when pre-
serving the lens there is much less risk of
amblyopia and better chances of central fixation
with better vision, lens-sparing vitrectomy is our
preferred surgical approach.

Fig. 9.1 Schematic representation of zones and seg-
ments of ROP classification superimposed on a clinical
image of a stage 4A detachment. If retinal detachment
develops, the best chance for a favorable outcome occurs
when the detachment does not progress beyond 3 of the
34 segments
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Scleral Buckling

Scleral buckling can be effective for treating
ROP-related retinal detachments. Different
anatomical results and reattachment rates have
been published for stages 4A, 4B and 5 [29–32].
With current surgical techniques and instrumen-
tation, vitreoretinal surgery seems a more direct
and effective method of addressing trans-vitreal
traction. Better results have been reported with
vitrectomy for stage 4 when compared to scleral
buckling [33]. Adding a scleral buckle does not
increase the success of lens-sparing vitreoretinal
interventions in stage 4 [34].

Notwithstanding, a scleral buckle can be
considered for some cases, particularly when
traction is mainly located anterior to the equator.
It has also been used in the more effusive types of
detachment [35]. These more effusive detach-
ments can sometimes be observed in the acute
phase of the disease or following cryotherapy.

Scleral Buckle Technique
(Encircling Band)

Like the majority of the authors, we favor the use
of an encircling scleral buckle (Figs. 9.2, 9.3),
although others have reported successful out-
comes using segmental scleral buckling [32].

The technique of scleral buckling in our ROP
patients involves:

• 360° peritomy at the limbus, isolation of the
four rectus muscles follow by a silk suture
passed under each of them for handling.

• A cotton tip is used to strip the sclera in all
four quadrants.

• A 2.5 mm # 240 solid silicone band is sutured
to the sclera using 5-0 non-reabsorbable
sutures. The band is placed at the equator
and supporting the ridge when possible.

• Proper tightening is done by performing a
paracentesis with a 30 gauge needle mounted in
a tuberculin syringe to drain aqueous fluid. The
perfusion status of the central artery should be
checked after the final tightening of the band.

Although the anatomical success rate of
buckling procedures can be fairly good, the
functional results are much worse. Encircling
buckles induce myopic refractive changes that
can be very high and thus potentially amblyo-
genic. Additionally, possible negative effects of
the encircling band on choroidal circulation
should be considered. The eye grows signifi-
cantly during the first year so a moderate buck-
ling effect at the time of surgery can lead to much
greater constriction over time. To address this
problem, division or removal of the band is

Fig. 9.2 Image of a scleral buckle, a 2.5 mm solid
silicone band. A good scleral indentation can be observed

Fig. 9.3 Picture of the posterior pole of a case with stage
4A in a Zone I ROP treated with a scleral buckle taken
one year after surgery. Despite distortion of the macular
area a 20/60 vision was observed at the age of 14 years in
this patient
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recommended when stable retinal reattachment is
achieved. [36]. This is usually done after
6 months if retinal reattachment is stable or in
cases of anisometropia, however it seems logical
to delay the removal in unstable situations.
A two-step intervention with elongation of the
buckle has also been proposed to allow an almost
constant buckling effect during the first year of
life [37].

Concerns regarding amblyopia with scleral
buckling, improvements in surgical techniques
and instrumentation, the very infrequent use of
cryotherapy leading to effusive cases and the
availability of antiVEGF drugs as adjuncts for
intraocular surgery have placed buckling as a
second choice as opposed to vitrectomy for stage
4 ROP.

It must be emphasized that reattachment of the
retina after a buckling procedure for ROP is a
slow process that can take several weeks to settle.

Vitrectomy

There are different technical approaches to per-
forming vitreoretinal surgery for retinal detach-
ments in ROP. The surgery can be done using
two or three ports and be either standard 20
gauge or micro-incisional vitrectomy surgery.
There might not be a preferred technique and at
the end it is mostly surgeon-dependent. Each
surgeon should use the technique that produces
the best possible results in his/her hands.

A careful preoperative examination will allow
the best entry site to the vitreous cavity to be
chosen. An open space between the retina and
the lens is necessary to perform a lens-sparing
vitrectomy. If there is advanced anterior retinal
traction there is a high risk of causing a retinal
break, and an anterior approach should be
selected.

Lens-Sparing Vitrectomy (LSV)

Surgical technique to perform LSV using a
3-port, 25-gauge trans-conjunctival sutureless
approach:

• Sclerotomies are made 0.5–1.0 mm posterior
to the limbus through the pars plicata. In the
first place, the conjunctiva is displaced
immediately above the sclerotomy site and
the cannula is inserted into the vitreous cavity
using a beveled trocar. This procedure is
applied to place the cannulas in the temporal,
superotemporal, and superonasal quadrants.
The infusion cannula is placed in the temporal
quadrant while the superotemporal and
superonasal ports are used to pass the light
pipe and the cutter.

• Vitrectomy and membrane peeling are per-
formed with settings of >1500 cpm and a
suction of 500 mmHg. The cutter must be
used very cautiously to avoid any iatrogenic
breaks. If a rhegmatogenous component is
added during surgery, the chances for a suc-
cessful outcome are dramatically reduced.

• The aim of the vitrectomy is to dissect the
tractional proliferation between the ridge and
the lens, the ridge and the nerve, the ridge and
the vitreous base, and the circumferential
traction along the ridge.

• A partial fluid-air exchange is performed at
the end of the procedure in the majority of
cases. When fluid is left in the vitreous cavity,
the infusion cannula is removed at the last
step to check for the need for further infusion.

• The conjunctiva is closed using a bipolar
diathermy.

Lensectomy–Vitrectomy

Lensectomy–vitrectomy will be performed in a
stage 4 ROP when anterior traction does not make
lens sparing a safe choice. Although LSV is the
preferred method, it always has to be clear that it is
better to remove the lens than to make an entry site
break. When the lens is removed, good visual
acuity is much less likely. Amblyopia is in most
cases severe and difficult to treat. Nonetheless it is
important to consider that after a vitrectomy for
stage 4 ROP, continuing improvement of vision
development can occur over long periods of time.
Restoration of the retinal architecture and the
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plasticity of the infant’s developing brain are
thought to play a role [38].

The entry site for lensectomy–vitrectomy
surgery will be the limbus, just above the plane
of the iris root. This will allow for safe removal
of the lens and intravitreal maneuvers. Twenty
three-gauge instrumentation can be successfully
used in pediatric conditions [39, 40], and it might
be a good selection of instruments for these
cases. Entry sites should be sutured with 10-0
nylon at the end of the procedure.

The small gauge instrumentation currently
available allows for effective and safe vitreo-
retinal procedures (Fig. 9.4). Initial problems
such as instrument flexibility and adequate illu-
mination have been resolved. The use of a
specific gauge or a combination of different
instrumentation should be available to allow the
surgeon to choose the best alternative for each
particular case.

Complications of Vitreous Surgery

Hemorrhage: Intra- and postoperative bleeding
greatly increases the risk of failure of any
intraocular surgical procedure in ROP-related
retinal detachments. Eyes that have not had
peripheral ablation and that have perfused
fibrovascular tissue at the time of surgery are at
the highest risk of bleeding. Waiting for

spontaneous regression of the neovascular
activity was done prior to the availability of
antiVEGF drugs.

Hypotony: This can occur during a vitrec-
tomy, and it should be prevented by the use of
adequate instrumentation. Avoiding hypotony
when using a two-port approach can be chal-
lenging and requires great experience. The use of
a third port can help to maintain more stable
intraoperative pressure. Although
trans-conjunctival sutureless vitrectomies using
small gauge instrumentation works very well, if
there is doubt regarding leakage from any of the
entry sites, then a suture should be place to
secure the eye closure. The closure of the con-
junctiva with a bipolar diathermy in all sutureless
cases might also help to prevent hypotony. When
the entry sites are through the limbus they should
always be sutured.

Retinal breaks: ROP surgery poses a very
significant challenge to the surgeon. It is well
known that the chances of anatomical success are
very small if there is a rhegmatogenous component
added to the detachment. If a break is formed
during a vitrectomy, the complete release of the
traction associated with the break is needed for the
surgery to have any chances of success. Special
attention must be paid not to induce an entry site
break when an anterior proliferation is present.

Endophthalmitis: This is a potential risk in
any intraocular intervention. Using all the

Fig. 9.4 Pre (a) and postoperative (b) images of the left eye of a preterm born at 29 weeks and 1.200 g that developed
a stage 4A retinal detachment that was managed with a vitrectomy performed with 25 gauge instrumentation
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standard preoperative measures, suturing limbal
entries and closing the conjunctiva with bipolar
diathermy in cases of a sutureless approach
should prevent it.

Glaucoma: Pressure elevation can occur in
the immediate postoperative period, but adequate
surgical techniques should make this problem
infrequent. Postoperative glaucoma could be a
late complication after ROP retinal detachment
surgery. [41] Follow-up that includes measure-
ment of the intraocular pressure should be per-
formed in these children.

AntiVEGF Drugs in the Management
of Rop Retinal Detachments

The use of antiVEGF drugs in ROP has promp-
ted changes in the management of ROP-related
retinal detachments. These drugs might help in
the management of patients who already have a
detached retina, but they have also created a new
category of retinal detachments, those that can
develop after using anti-angiogenic agents to
treat the acute stages of the disease.

AntiVEGF Drugs as an Adjunct

The presence of vascular activity is a major
problem when operating on a ROP retinal
detachment. The risk of uncontrollable bleeding
and failure of the surgical procedure are much
greater in eyes with active vascularity.

AntiVEGF drugs that can be injected prior to
the surgical intervention address this issue by
inducing rapid regression of vascular activity,
allowing one to operate on a vascularly inactive or
“quiet eye” rather than on an active one (Fig. 9.5).

Especially significant is the fact that this effect
allows the surgery to be carried out without the
drawback of a long wait for natural regression of
the neovascular activity. Thus, intervention that
is earlier than previously possible should prevent
progression and macular involvement, offering
better visual potential for these eyes [21, 42].

The right time to inject an antiVEGF drug and
perform the vitrectomy seems especially important
when a retinal detachment is already present.
A balance between the neovascular regression and
avoiding the development of fibrous tissue with
traction on the retina are essential. One week after
injecting the antiVEGF drug seems to be a good
moment to perform the surgery. In that period of
time, a very significant reduction in the vascular
activity occurs, allowing for a safe procedure.
A longer interval between the injection and the
surgery might provoke progression in the detach-
ment or even a rhegmatogenous factor due to
traction on the retina induced by the regression and
fibrous conversion of the neovascular tissues.

It is worth noting that regression of initial
cases of detachment has been observed with the
use of antiVEGF drugs alone [21].

Combining the use of antiVEGF drugs with a
lens-sparing vitrectomy in stage 4A should give
the best results. This approach would add all the
benefits of a LSV to being carried out at a very

Fig. 9.5 a Stage 4A retinal detachment present at
37 weeks of gestational age in a preterm born at 24 weeks
with 760 grams. Due to the significant vascular activity
present an antiVEGF drug was injected prior to surgery

b One week after the antiVEGF injection, a marked
reduction in the vascular activity could be observed.
A 25-gauge lens-sparing vitrectomy was performed at that
time. c Favorable anatomical outcome 9 weeks after surgery
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early stage. As the average time for intervention
in 4A detachments has been close to 40 weeks of
postconceptional age, this two-step method
might allow for operations closer to 38 weeks or
even earlier. Retinal vascularization continues
growing toward the periphery in what appears to
be a normal pattern after treatment with anti-
VEGF drugs followed by LSV. The vessels
clearly pass the location of the previous detach-
ment and ridge.

Notwithstanding very reasonable safety con-
cerns for the use of these types of drugs in
developing babies, the beneficial effect of using
such drugs as adjuvants in the treatment of vas-
cularly active retinal detachment cases is
immense. The best antiVEGF drug and dose for
this purpose are still under investigation.

Additional Pharmacological Surgical
Adjuncts

Intravitreal corticosteroids: Triamcinolone has
been used to aid in vitreoretinal procedures in
ROP-related retinal detachments to address the
vascularity problem [43, 44]. Anti-angiogenic
drugs as previously discussed are a better choice
to address this issue.

Plasmin: The very strong vitreoretinal adhesion
in the pediatric population prevents the induction of
a posterior vitreous separation during vitrectomy in
these patients. The use of autologous plasmin has
proven useful in the pediatric population and
ROP-related detachments [45–47]. Now
microplasmin, a recombinant form of human
plasmin, is being studied as a surgical adjunct for
pediatric retinal surgery [48]. The potential benefits
of such a drug are numerous.

Retinal Detachment After Using
AntiVEGF Drugs to Treat Type 1 ROP

Retinal detachments that follow the use of
anti-angiogenic drugs can be divided into two
different groups.

In the first group, the detachment develops
shortly after the injection. A change from vascular

to fibrous tissue resulting in traction that pulls on
the retina causes the detachment [49]. This could
be the result of the progression of the disease or a
situation resulting from the use of the antiVEGF
drug too late, the so-called “ROP Crunch.”

A timely diagnosis and intervention are cru-
cial for a favorable outcome. As with laser
treatment, these injections must be performed at
the appropriate moment to avoid progression to a
retinal detachment.

The second group is composed of patients
with a delayed-onset retinal detachment
despite early regression of the disease after the
use of an antiVEGF drug. Some of these cases
are especially difficult to diagnose because they
can occur many weeks after the injection, when
patients are not being appropriately followed
up. There are reports of cases even after
60 weeks postconceptional age [7].

Patterns of regression and recurrence are not
yet well known in patients treated with
anti-angiogenic drugs. The risk of a late onset
retinal detachment makes extended follow-up
after using antiVEGF injections mandatory. To
significantly decrease the chances of a retinal
detachment after the use of antiVEGF drugs,
either when follow-up over extended periods is
not possible or even as a primary approach, laser
photocoagulation can be applied to the peripheral
retina once these drugs have allowed retinal
vasculature to pass zone II.
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10Stage 5 Retinopathy of Prematurity
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Introduction

Stage 5 represents the most advanced stage of
retinopathy of prematurity (ROP). Children pre-
sent with a total retinal detachment, limited or no
vision, and oftentimes with leukocoria due to the
visibility of fibrous proliferation immediately
posterior to the lens. As a result, the disease was
first described with the term “retrolental fibro-
plasia” [1]. Since that time, we have learned a
great deal about this blinding condition. Here we
will review the pathogenesis, management, and
prevention of stage 5 ROP.

Epidemiology of Advanced ROP

Blindness from ROP varies from country to
country, primarily dependent on the level of
development that allows for survival of prema-

ture babies. The World Health Organization
estimates that over 50,000 children worldwide
are blind from ROP [2]. The highest proportion
of childhood blindness from ROP is currently in
developing countries (as ranked by the United
Nation Development Programme on the basis of
their Human Development Index) [3]. In highly
industrialized nations, where the infant mortality
rate is low (<9/1000 live births), the rate of
blindness from ROP is 10% [2]. In countries with
high infant mortality rates (above 60/1000), the
rate of ROP-related blindness is extremely low,
since children are unlikely to survive to the age
when ROP develops. In “middle-income”
nations, however, where infant mortality rates are
between 9/1000 and 60/1000, ROP is a major
cause of childhood blindness, with rates
approaching 40% [3].

This alarming trend has been referred to as the
“third epidemic” of ROP [3]. The “first epi-
demic” occurred in the 1940s and 1950s in the
United States, and is partially attributable to
unregulated supplemental oxygen. The “second
epidemic” began in the 1970s in industrialized
nations, as a result of higher survival rates of
extremely premature infants. Landmark clinical
trials, including the Multicenter Trail of
Cryotherapy for Retinopathy of Prematurity
(conducted 1986–1988) [4] and the Early Treat-
ment for Retinopathy of Prematurity Random-
ized Trial (conducted 1999–2002) [5], have since
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demonstrated that peripheral ablation in high-risk
infants reduces the risk of ROP-related blindness
by approximately half, paving the way for uni-
versal screening programs in most industrialized
nations.

Today, the rate of stage 5 detachments in
countries with universal screening is low. In the
United States, the incidence of any stage of ROP
is estimated to be between 1 in 511 and 1 in 820
live births [6, 7]. Among them, roughly 10%
require laser photocoagulation, and 0.5% require
surgical intervention. The vast majority of chil-
dren in the United States that require surgery for
ROP detachments are stage 4. However, the third
epidemic has given rise to a considerable
increase in the incidence of stage 5 detachments
worldwide, necessitating further research into
effective methods of prevention and treatment.

Pathogenesis

Predominantly tractional retinal detachments in
ROP occur due to formation of fibrous prolifer-
ation along the ridge tissue and extending into
the overlying vitreous. The vitreous sheets act as
scaffolds for the extension of the fibrotic tissue.
Contraction occurs along various vectors, most
commonly toward the center of the eye, as well
as posterior toward the optic nerve or anterior
toward the lens. The tractional vectors can be
summarized as (i) intrinsic to the retina, (ii) ridge
to lens, (iii) ridge to ridge, (iv) ridge to ciliary
body, (v) ridge to retina, and (vi) persistent stalk
tissue (Fig. 10.1). Without intervention, an eye
with progressive cicatricial traction will ulti-
mately completely detach (Fig. 10.2). The con-
figuration of a stage 5 funnel-shaped detachment
can be further described as open or closed ante-
riorly, and open or closed posteriorly. Late stage
5 presents typically present with leukocoria due
to a dense opaque fibrovascular plaque posterior
to the crystalline lens (Fig. 10.3).

A persistent hyaloidal vasculature is common
in eyes of premature infants that progress to late
stages of ROP, despite appropriate laser photo-
coagulation. Evidence from the oxygen-induced

retinopathy (OIR) murine model, as well as
human histological, biochemical, and clinical
observations, provides insight into the patho-
physiology of these cases. The development of
the retinal vasculature in utero occurs under rel-
atively hypoxic conditions, in which VEGF plays
a critical role in driving developmental angio-
genesis [8, 9]. The hyaloidal vasculature fills the
developing vitreous with extensive connections
to the developing retina. Systematic involution of
these vessels occurs during development, begin-
ning by 12-week gestation, and is completely
regressed by 35–36-week gestation [10]. The
main hyaloid trunk is the last element to undergo
regression. Apoptosis is required for involution
of the hyaloid vessels, and is influenced by low
VEGF levels [11, 12] and elements of the Wnt
signaling pathway [13, 14].

In the premature infant, exposure to high
levels of VEGF driven by peripheral retinal
ischemia results in reduced apoptosis of the
hyaloid vessels [15]. Clinically, this is evident in
a visible hyaloid structure, including the tunica
vasculosa lentis, and rubeosis iridis. At the same

Fig. 10.1 Schematic demonstrating the tractional vectors
in advanced retinopathy of prematurity, including (i) in-
trinsic to the retina, (ii) ridge to lens, (iii) ridge to ridge,
(iv) ridge to ciliary body, (v) ridge to retina, and (vi)
persistent stalk tissue
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time, an increase in plasmin enzyme from
incompetent vessels results in partial liquefaction
of the vitreous [16, 17]. Concomitant activation
of TGFB1 contributes to excessive scar forma-
tion, causing the purse string effect wherein the
retina is drawn toward the center of the eye.
Ultimately, the eye succumbs to a cicatricial
phase, and unchecked will present with retro-
lental fibroplasia [16, 18, 19].

Clinical Course

ROP is characterized by a relatively predictable
timeline of progression. Initial manifestations of
the disease are usually seen at approximately
32-week postmenstrual age (PMA), and the
threshold for laser ablation is reached at a mean
of 37-week PMA [20, 21]. Retinal detachment
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Intrauterine
Oxygen and

VEGF

Tractional events

Premature
birth

Oxygen andVEGF

Vessel growth stops

Phase 1 Phase 2

Oxygen andVEGF

Neovascularization increases

VEGF

Neovascularization
decreases

Stage 0
ROP

Stage 1
ROP (line)

Gestational ages
at hight risk for

ROP

First
examination

for ROP

APROP onset
Postmenstrual age (weeks)

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

Stage 1 onset

Stage 3 onset

Stage 2 onset

StSt 11

Stage 2
ROP (ridge)

Stage 3
ROP

(Extraretinal
fibrovascular
proliferation)

Stage 4
(Partial retinal
detachment)

Stage 5
(Total retinal
detachment)

Fig. 10.2 Schematic of progression of ROP (modified
from [58]). In infants born prematurely, the retina is
incompletely vascularized. Furthermore, premature
infants are exposed to hyperoxic conditions, relative to
the intrauterine environment, in order to overcome
pulmonary insufficiency and prevent cerebral ischemia.
This hyperoxia results in a suppression of the signals
(including VEGF) required to complete vascularization of
the retina (illustrated as Phase 1). The avascular retina
then predisposes the eye to abnormal compensatory
neovascularization when the oxygen levels are normalized
(Phase 2). The disease progresses through stages that are
defined by anatomic changes occurring at the border of

the vascularized retina. In stage 0, arborization begins at
the terminal vessels. This is followed by the development
of a demarcation line in stage 1 (illustrated in gray),
thickening of the tissue into a ridge in stage 2 (illustrated
in red), and fibrovascular proliferation into the vitreous in
stage 3. Left untreated, the fibrovascular proliferation can
contract, resulting in traction on the underlying retina.
These tractional forces can overpower the retinal pigment
epithelium, resulting in a partial (stage 4), or complete
(stage 5), detachment of the neurosensory retina. The
mean postmenstrual age for the onset of each stage is
illustrated in the timeline
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after appropriate laser ablation occurs at a mean
of 41-week PMA [22]. The progression from an
early stage 4A retinal detachment to stage 5 can
occur quickly, often within a few weeks.

The rapidity of disease progression correlates
to some degree with the level of retinal vascular
activity at the time of retinal detachment. Surgery
for stage 4A ROP targets interruption of
transvitreal proliferative condensations. For this
reason, vascular activity is rarely a reason to
defer surgical intervention. In general, once sur-
gical intervention is necessary for stage 4A ROP,
earlier intervention is advisable to minimize the
extent of the detachment.

In contrast, surgery for stages 4B and 5 ROP
entails the mechanical removal of preretinal
proliferation. An eye with a high degree of vas-
cular activity, as represented by plus disease,
florid retinal neovascularization, and rubeosis
iridis, is likely to encounter significant intraop-
erative bleeding. In eyes with stage 4B or stage 5
detachments in the setting of significant vascu-
larity, it is usually necessary to wait until 48–

52-week PMA for vascular activity to decrease to
intervene [23].

Management

The goal of ROP-related retinal detachment is to
normalize anatomy in the effort to restore visual
development and maximize visual potential. In
stage 5 detachments, partial residual retinal
detachment is common, but the goal is to remove
the traction so as to reattach as much of the retina
as possible and provide a stable anatomic result.
To minimize the risk of creating an iatrogenic
retinal tear, an anterior (translimbal) approach to
lensectomy and vitrectomy is often preferable.

Various surgical approaches, including
open-sky vitrectomy, two-port, and three-port
vitrectomy have been utilized. Each approach has
been reported with comparable success rates [24–
28], leaving the preference of the surgeon dic-
tating the technique of choice. All approaches
share the goal of removing the fibrotic preretinal

Fig. 10.3 Surgical management of stage 5 ROP. a
RetCam color photograph of presenting phenotype.
Leukocoria is evident, with a poorly dilated pupil and
pigment on the anterior lens capsule. The anterior
chamber is shallow. b Intraoperative photograph showing
retrolental plaque after removal of the crystalline lens.
c After opening the anterior plaque, the center of the

funnel detachment is identified. d Careful bimanual
dissection of preretinal fibrosis with irrigating illuminated
pick and intraocular forceps. e The dissection proceeds to
the retinal surface, and then is extended using a blunt
irrigating spatula. f Montage RetCam photograph 6-week
postoperatively demonstrating attached posterior pole
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material without causing iatrogenic breaks. To do
so successfully, the surgery requires bimanual
dissection. Instruments that aid in permitting a
two-hand dissection of preretinal fibrosis have
been developed. In addition to the vitrector
combined with intraocular forceps, key compo-
nents include an irrigating spatula, irrigating
illuminated pick, and vertical forceps (Fig. 10.4).

In a two-port lensectomy–vitrectomy tech-
nique, infusion can be provided by with a
23-gauge bent butterfly needle. To avoid passing
through the anteriorly drawn detached retina,
entry into the eye is made immediately posterior
to the limbus through the iris root, directed into
the anterior lens. A two-port approach can be
modified to three-port by placing an infusion
canula inferotemporally immediately posterior to
the limbus, to stabilize the anterior chamber and
the unicameral anterior–posterior chamber

subsequently. After aspiration of the crystalline
lens with the vitrector, the lens capsule is
removed using intraocular forceps.

Importantly, the goals of lensectomy in such a
situation differ from those of the removal of an
uncomplicated congenital cataract. The benefits
of preserving capsular support for potential sec-
ondary intraocular lens implantation in the future
are outweighed by the likelihood of residual
capsule serving as a scaffold for preretinal pro-
liferation and circumferential vitreoretinal con-
traction. Once the residual capsule and the ciliary
body are drawn into a contractile anterior ring,
the ensuing hypotony may be difficult to treat
both because the anterior contractile ring is dif-
ficult to visualize and safely dissect and because
the ciliary body sustains permanent injury.
Despite lenticuloretinal apposition in many stage
5 eyes, capsular material can generally be

Fig. 10.4 Synergetics (O’Fallon, MO, USA) instrument
design for use in pediatric vitreoretinal surgery. a Illustra-
tion of assembly of the combined 20/23 ga two ports
infusing instrument canula system. Infusion is provided
through two 20 ga canulas with embedded 23 ga
instrument cannulas. The lengths of trocar blade, cannula
shaft, and infusion shaft have been adjusted for smaller
anatomy. b 23 ga Trese spatula with short platform,

allowing canula compatible entry and removal. c 23 ga
vertical forceps, with broad platform to allow dual
function as dissection spatula and forceps. d 23 ga
illuminated Capone/Rizzo Pick. Semi-malleable material
allows pick to be bent to desired angle. e Large platform
irrigating Trese Spatula. f Microserrated Snub Nosed
Forceps. Blunt tip profile allows tissue to be engaged
while preventing iatrogenic tears
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stripped away from the fibrous proliferation
extending anteriorly from the retina without
causing retinal breaks.

In contrast to the lens capsule, the retrolental
fibrovascular plaque in stage 5 ROP is tightly
adherent to the underlying retina. The plaque is
opened centrally in an area free of adherent retina
with a sharp instrument, such as the 23-gauge
needle used for infusion, a microvitreoretinal
(MVR) blade, or a 26-gauge needle on a Tb
syringe can be used to initiate the dissection.
Using two sharp instruments, one in each hand, a
cross-action maneuver can create an opening in
the plaque without causing traction on the
peripheral retina. A lamellar dissection separat-
ing the plaque from the subjacent retina can then
begin using an irrigating spatula and forceps,
allowing a two-handed technique (see Fig. 10.3).
Layers of preretinal fibrosis and vitreous are
carefully removed to safely dissect down to the
retinal surface. During the anterior dissection, the
operating microscope is sufficient to provide
illumination. As the dissection proceeds posteri-
orly, the illumination can be provided by either
endoillumination (light pipe or illuminated pick),
or by external illumination with the light pipe
directed by an assistant through a hand-held
irrigating contact lens.

Viscoelastic substances, such as healon, can
also be used to aid in dissection. Injection of
viscoelastic can be effective in separating tight
retinal folds and proliferative tissue. In addition,
viscoelastic is effective at stabilizes the highly
mobile retinal surface, allowing dissection while
preventing iatrogenic breaks. Care must be taken
while injecting viscoelastic to avoid causing
peripheral dialysis or posterior tears. At the
conclusion of the dissection, a partial air–healon
exchange is typically performed and sclerotomies
are sutured.

Enzymatic Targeting
of the Vitreoretinal Junction

A subset of advanced ROP surgeries fails due to
incomplete removal of the posterior hyaloid. The
posterior hyaloidal contraction syndrome is

perhaps the most direct example, as a persistent
vitreoretinal adhesion combined with hyaloidal
contraction is relieved by successful vitreoretinal
separation [29]. Plasmin enzyme, either the intact
protein procured from blood obtained from the
patient (autologous) or a parent (heterologous) or
the recombinant fragment ocriplasmin (Jetrea),
can be administered to cleave the vitreoretinal
adhesions, mediated by laminin and fibronectin,
and facilitate posterior vitreous detachment [30–
32]. When additional surgeries are needed that
require successful peeling of preretinal mem-
branes or the posterior hyaloid to achieve pri-
mary surgical goals, the use of plasmin enzyme
or ocriplasmin may facilitate the removal of such
membranes and reduce the risk of creating an
iatrogenic retinal breaks (for review, see [33]). In
young children who cannot tolerate an intravit-
real injection in the clinic, plasmin is injected
into the vitreous cavity following induction of
general anesthesia, and surgery is initiated
approximately 30 min thereafter.

Outcomes

Retinal detachments in children who are properly
screened and appropriately ablated are fortunately
rare. However, a retinal detachment in infancy
can profoundly impact visual development. Even
in eyes with minor degrees of detachment, the
outcomes can be poor [22, 34, 35]. As one might
expect, the success rates and the visual outcomes
are worse with more advanced stages of disease.
Successful reattachment has been reported in 74–
91% of stage 4A detachments [36–41], 62–92%
of stage 4B detachments [37, 39, 41–44], and 22–
48% of stage 5 detachments [24, 27, 45–47].
Visual outcomes in successful repair of stage 4A
detachment can be expected to be 20/80 or better
[37, 48, 49], ambulatory vision following stage
4B repair [44], and form vision following stage 5
repair [25, 50]. A summary of the outcomes of the
following stage 5 repairs is shown in Table 10.1.

Surgery for stage 5 detachments is indeed
challenging, with difficult and time-consuming
delamination of fibrosis and zero tolerance for
iatrogenic breaks. Second surgeries in advanced
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Table 10.1 Summary of the outcomes of the following stage 5 repair

Study N (Eyes) Surgery % Anatomic success* VA outcomes (%)

Trese 1986 [24] 85 LV 48.2 BTL (63.4)+++

F/F (43.9)
Grasping behavior (37.5)
Recognize shapes (15)

Hirose 1992 [59] 524 OSV 39.2 NA

Hirose 1993 [28] 55 OSV 100** 20/100-20/400 (7.3)
20/400-20/800 (20)
20/800-20/1600 (30.9)
� 20/3200 (41.8)
LP (9.1)

Choi 1994 [60] 38 LV 29 F/F (18.4)
LP (39.5)
NLP (42.1)

Mintz-Hittner 1997 [25] 45 SB with subsequent LV 26.4 20/80 (11.1)
20/200 (11.1)
20/400 (22.2)
20/800 (33.3)
20/1600 (22.2)

Hartnett 2003 [54] 6 NA 50 Avg TAC score 12 (attached)
Avg TAC score 6 (detached)
Avg LPP score 5 (attached)
Avg LPP score 2 (detached)

Cusick 2006 [27] 608 LV (94%)*** 33 >20/200 (2)
5/200-20/200 (2)
HM (10)
LP (59)
NLP (26)

Lakhanpal 2006 [61] 33 LSV 45.5 NA

Lakhanpal 2006 [46] 21 LV 28.6 NA

Wu 2008 [62] 80 Plasmin-assisted
LV (83.8%)+

68.8 Pattern vision (7.5)
F/F (3.8)
LP (70)
NLP (13.8)
VEP positive (5)

Kondo 2009 [63] 82 LV 81.7%++ >20/200 (1.8)
20/200-20/2000 (11.1)
FWM (14.8)
LP or HM (35.2)
NLP or ND (37.0)

Shah 2009 [64] 14 LV 14.3 LP (21.4)
NLP (78.6)

Total 1591 38.3#

OSV (open-sky vitrectomy), LV (lensectomy–vitrectomy), V (vitrectomy), LSV (lens-sparing vitrectomy), SB (scleral buckle),
TAC (teller acuity cards), LPP (light perception/projection) scale, F/F (fix and follow), FWM (following with or without
nystagmus), ND (not determined attributable to mental disability and/or amblyopic status), NA (not available)
*Total or partial retinal reattachment
**Study evaluated vision in eyes with successful reattachment after OSV
***100% of eyes had a vitrectomy in this study, 94% had LV. The details of the remaining 6% are not reported
+100% of eyes had a vitrectomy in this study, 83.8% had LV. 73/80 eyes in this study were second surgeries
++All eyes in this study were successfully attached. 22% of eyes had late re-detachments
+++Vision in this study was only tested in patients with anatomic success
# Hirose 1993 and Kondo 2009 excluded
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cases are common. Complete retinal attachment
and restoration of normal posterior pole anatomy
are uncommon. Visual development following
repair is typically slow and limited, with the full
impact not apparent for 2 years or more. Even
with good anatomic results, vision may be limited
by incomplete maturation of the visual system or
other neurologic comorbidities. Integration of a
team to provide aggressive refractive therapy and
visual rehabilitation after surgery is axiomatic.
The realization that optimizing visual outcome
requires much more than surgery is a great chal-
lenge to parents’ wherewithal.

Why then should we continue to perform
these operations? First, with the alternative being
observation alone, there is a near guarantee of
total blindness [1, 51]. With surgical interven-
tion, the potential for any vision is worth pro-
ceeding. In fact, the possibility for good visual
outcome with surgery exists, with letter reading
vision in some cases [25, 26, 28, 52, 53]. Even in
cases of very limited vision, it has been demon-
strated that children can use their vision
remarkably well, oftentimes ambulating with
vision below the 5/200 threshold in adults [52,
54]. Finally, efforts to restore the normal anat-
omy provide the potential for alternative vision
technologies in the future. With several devices
already in clinical use (for review, see [55]), it is
reasonable to assume that such devices may be
applied to improving vision if anatomy permits
after surgery for advanced ROP.

Screening and Prevention

It has been well demonstrated that appropriate
screening of premature children, and treatment
by peripheral ablative therapy, significantly
reduces the risk of unfavorable anatomic and
visual outcomes. The 15-year follow-up of the
CRYO-ROP reported that ablative therapy
reduced unfavorable structural outcomes from 48
to 27%, and reduced unfavorable visual out-
comes from 62 to 44% [56]. The indications for
treatment were redefined by ET-ROP, which also
confirmed the efficacy of ablative therapy [5].

Available evidence suggests that improper
screening, rather than improper treatment, is the
cause of the majority of blindness due to
ROP. Current screening guidelines in the United
States specify that examinations are performed
after pupillary dilation using binocular indirect
ophthalmoscopy [57]. However, research is now
underway to investigate the efficacy of remote
digital fundus imaging (discussed in detail in a
separate chapter). Advantages of RDFI include
objective documentation, expert review, and
potential for objective measurements of plus
disease. Ultimately, efforts to improve screening
promise to prevent unnecessary progression of
any child, potentially worldwide, to advanced
stages of ROP.

Conclusions

Stage 5 ROP represents one of the most chal-
lenging diseases in ophthalmology. Over the last
few decades, dissemination of information
delineating the variable clinical features of the
ROP, refined screening and treatment paradigms
based on evidence based studies, transition to
laser from cryopexy for retinal ablation, and
early lens-sparing vitreous surgery for
macula-sparing partial retinal detachment (stage
4A) have mitigated the impact of advanced
ROP. However, progression to retinal detach-
ment occurs even with state-of-the-art care.
Advanced ROP remains a significant problem in
the United States and abroad.

The untreated natural history of stage 5 ROP
is poor. Spontaneous reattachment is rare and “no
light perception” blindness is all too common.
Yet with experienced surgical intervention, poor
visual outcomes are not invariable. It is clear that
every effort must be made employing established
paradigms—diligent screening, timely laser,
prompt intervention for stage 4A ROP—to
interrupt the pathogenetic process of ROP before
eyes reach a point of no return, and normal vision
is unattainable. Nevertheless, unwelcome though
it is, stage 5 ROP is here to stay. Surgeons and
parents have no choice but to consider the
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variables pertinent to undertaking surgery in a
given infant, in much of the same fashion as is
done with surgery for severe ocular trauma,
bleb-related endophthalmitis and other poor
prognosis conditions. Who can presume to know
what vision restorative technologies will be
available during the lifetime of an infant born
today? It is reasonable to expect more options
will await a sighted child than one who does not
perceive light.
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11Complications of Retinopathy
of Prematurity Treatment

Wei-Chi Wu and Jane Z. Kuo

Abstract
Although major progress has been made in the management of retinopathy
of prematurity (ROP), complications arising from various treatment
applications are common and require careful monitoring and surveillance.
In this chapter, we summarize the complications associated with the use of
cryotherapy, laser photocoagulation, anti-vascular endothelial growth
factor agents, scleral buckle, and vitrectomy in the treatment of
ROP. While some complications are acute, others may not develop until
many years later. The timing when these complications arise, during active
or chronic stage, also varies. Proper management should be delivered once
these complications are identified.

Keywords
Cryotherapy � Intravitreal injection � Laser photocoagulation � Retinopa-
thy of prematurity � Scleral buckle � Vascular endothelial growth factor �
Vitrectomy

Over the past several decades, significant
advances in the management of retinopathy of
prematurity (ROP) have led to an improved

visual outcome in this once devastating blinding
disorder; however, treatment-induced complica-
tions are not uncommon. Current treatments for
ROP may include cryotherapy, laser photocoag-
ulation, anti-vascular endothelial growth factor
(VEGF) agents, scleral buckling, and/or vitrec-
tomy. In general, cryotherapy, laser photocoag-
ulation, and anti-VEGF treatments are
particularly useful for Type-1 pre-threshold ROP
as defined by the Early Treatment for Retinopa-
thy of Prematurity Study (ETROP) [1] or
threshold ROP. For advanced ROP (stage 4 and
5), surgical managements with scleral buckling
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and/or vitrectomy are usually necessary for eyes
that have progressed to retinal detachment.
Understanding the complications associated with
each type of treatment are of vital importance, so
that postoperative monitoring may be properly
performed. While some complications are tran-
sient and may require short-term monitoring,
other complications may be more chronic and
require longer periods of surveillance. Proper
treatments should be given once these compli-
cations are identified.

Our prior study showed that patients with a
history of threshold ROP are more likely to show
abnormal foveal development and have poorer
visual prognosis compared to other patient
groups despite a fundus with no macular drag-
ging, disc dragging, or retinal detachment [2].
A steeper corneal curvature, shallower anterior
chamber, and greater lens thickness are the pri-
mary changes in the optical components in these
patients [2]. It is likely that these structural
changes accounted for the increased incidence of
refractive errors, glaucoma, and cataract in ROP
children compared to children without a history
of ROP or treatment.

While some complications may occur during
the active stages of ROP, others may develop
sometime after the resolution of ROP. Early
complications are usually associated with the
reactivation of disease activities or side effects
from the treatments. For examples, vitreous
hemorrhage could result from the proliferation
and reactivation of neovascularization or from
the contraction of the fibrovascular membranes.
Cataracts may result from absorption of laser
energy in the lens. Retinal holes may form due to
excessive laser energy used during ROP treat-
ments. Late complications are often associated
with the late effects of treatments or changes
associated with eye development. For example,
retinal break or retinal detachment may arise
from areas previously treated with laser or
cryotherapy. The retina becomes thinner after
previous peripheral ablative procedures. With
chronic traction from the retinal scarring due to
these procedures, retinal holes typically result in
retinal detachment later in the years. Retinal
detachment may also develop if a retinal break is

present and the vitreous becomes liquefied after
prior treatments.

ROP is a lifelong disease and ROP patients
with a history of treatment should be closely
monitored for life [3]. Some complications may
arise many years after the resolution of ROP [4].
In addition to regular follow-up, educating
patients to seek professional help when visual
changes occur is another area of importance.

Cryotherapy

The first demonstrated successful treatment of
ROP was cryotherapy. The Multicenter Trial of
Cryotherapy for ROP (CRYO-ROP) Study indi-
cated that destruction of the peripheral retina
with cryotherapy slowed progression in threshold
ROP; however, this type of treatment was shown
to be associated with many complications.
Complications associated with unfavorable cos-
metic outcomes [5] may include strabismus
(12.8%), nystagmus (3.3%), total retrolental
membrane (1%), epiphora (0.6%), corneal
opacity (0.6%), cataract (0.3%), and episcleral
hyperemia (0.3%). A comparable subgroup
analysis examined at 24 months post-term
showed complications of strabismus (14.4%),
nystagmus (2.2%), epiphora (0.5%), corneal
opacity (0.7%), cataract (0.5%), episcleral
hyperemia (0.5%), lid fissure asymmetry (2.4%),
and corneal diameter asymmetry (2.0%). The rate
of adverse aesthetic outcome was highest in eyes
that had developed more severe acute ROP and
an unfavorable structural outcome.

Although results of the CRYO-ROP study
showed that cryotherapy treatment was superior
to natural history in the management of ROP, a
number of treated eyes continued to progress to
macular distortion and rhegmatogenous retinal
detachment with extremely poor visual outcome
(Figs. 11.1 and 11.2) [6–8]. There is a higher
percentage of poor structural and functional
outcomes in eyes treated with cryotherapy com-
pared with eyes undergoing laser treatment [9].
Higher rates of systemic complications and
myopia were also identified after treatment [9].
Increased postoperative inflammation was also

120 W.-C. Wu and J.Z. Kuo



noted and anti-inflammatory agents are often
required post treatment. Even eyes with a
favorable anatomical result had poor functional
outcomes. For these reasons, this procedure is
less commonly performed today. Possible com-
plications associated with cryotherpay are shown
in Table 11.1.

Laser Photocoagulation

Due to a higher complication rate, increased
postoperative inflammation, and an unfavorable
structural and functional outcome in patients
treated with cryotherapy, the diode laser photo-
coagulation is currently regarded as the standard
of treatment for the management of
ROP. Despite the superior results from this pro-
cedure, complications may also arise from the
use of laser treatment in the management of
ROP. These complications include the absorption
of laser energy in the anterior segment, lens, and
the retina. Deciding on the amount of energy to
use is challenging since direct laser-causing
damage such as retinal breaks or retinal detach-
ment could arise if excessive energy is used, but
insufficient laser treatment could also result in
skip areas and lead to reactivation of ROP
(Figs. 11.3, 11.4 and 11.5) [10]. In addition,
laser-induced complications also cause the
peripheral retinal damage and cause strabismus,
visual field constriction, and refractive errors.

Fig. 11.1 Development of rhegmatogenous retinal
detachment after treatment with cryotherapy in a case of
threshold ROP. Disc dragging, diffuse retinal pigmenta-
tion, and thinning of the retina due to chronic traction are
seen in the fundus. ROP = retinopathy of prematurity

Fig. 11.2 Development of a shallow rhegmatogenous
retinal detachment after treatment with cryotherapy in a
case of threshold ROP. Very torturous retinal vessels as
well as the subretinal exudation around the disc were
noted. ROP = retinopathy of prematurity

Table 11.1 Complications associated with cryotherapy

Refractive errors

Nystagmus

Strabismus

Conjunctival scarring

Conjunctival tissue proliferation

Subconjunctival hemorrhage or edema

Conjunctival tear

Corneal opacity

Cataract

Retrolental membrane

Vitreous hemorrhage

Progression of tractional retinal detachment due to
constriction of proliferative tissues

Retinal holes

Rhegmatogenous retinal detachment (Figs. 11.1 and
11.2)

Macular hole

Macular distortion
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Possible complications associated with laser
photocoagulation are shown in Table 11.2.

Anti-Vascular Endothelial Growth
Factor Agents

Because VEGF concentrations are highly ele-
vated in advanced ROP, a growing body of
evidence supports the rationale of pharmacologic
targeting of VEGF in the treatment of ROP [11–
13]. Bevacizumab (Avastin; Genentech Inc.,
South San Francisco, CA) and ranibizumab
(Lucentis; Genentech Inc., South San Francisco,
CA) are two monoclonal anti-VEGF agents, with
different molecular sizes, structures, and
half-lives [14, 15], that have demonstrated effi-
cacy in the treatment of type-1 ROP [16–21].

Treatment techniques with intravitreal
anti-VEGF agents, such as dose, injection site,
depth, and angle are modified for the pediatric
population. The injection is performed with a
30-gauge needle that is initially directed along an

angle that is perpendicular to the globe and then
redirected slightly toward the center of the eye-
ball after the needle had passed the equator of the
lens. These modifications mitigate or avoid
damaging either the lens or the retina [21]. The
injected dosages (0.625 mg/0.025 ml for beva-
cizumab and 0.25 mg/0.025 ml for ranibizumab)
are half dose of those used in the adults. To avoid
unintended complications, physicians should be
familiar with the various injection techniques
before applying this treatment to the newborns
[21, 22]. Post injection, infants are closely
monitored for potential complications, including
cataract, endophthalmitis, and retinal
detachment.

Table 11.2 Complications associated with laser
photocoagulation

Refractive errors

Visual field constriction

Strabismus

Corneal opacity

Iris atrophy and iris synechia (due to inflammation
associated with laser treatment or inadvertent damage by
laser photocoagulation)

Glaucoma

Cataract

Hyphema

Vitreous hemorrhage

Progression of tractional retinal detachment (Fig. 11.4)

Retinal holes or tears (due to excessive laser energy or
traction from adjacent proliferative tissue)

Rhegmatogenous retinal detachment (Fig. 11.5)

Exudative retinal detachment

Retinal vessel occlusion

Anterior ischemic syndrome

Hypotony

Phthisis

Fig. 11.3 Reactivation of ROP after laser treatment.
Severe reactivation of ROP, leading to retinal detachment
(a). Some preretinal hemorrhage was noted around the
neovascular tissues. Some skip areas were noted at the
peripheral retina (white arrows). Regressed ROP was
noted in the left eye following additional laser treatment
(b). ROP = retinopathy of prematurity
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Another complication with intravitreal injec-
tion of bevacizumab (IVB) in ROP is a longer
recurrence time compared with conventional
laser therapy. The BEAT-ROP study [18]
observed a late recurrence of disease in 2 of 62
eyes in infants with zone 1 disease and in 4 of 78
eyes in infants with a posterior zone 2 disease
after treatment with IVB. Considering all

recurrences together, the time to recurrence was
16.0 ± 4.6 weeks in 6 eyes that received IVB
injection, compared with 6.2 ± 5.7 weeks in 32
eyes that received conventional laser therapy.
Additional laser photocoagulation may be nec-
essary in these patients.

IVB may neutralize the VEGF concentration
that is present in the vitreous cavity, but has no
role in inhibiting continual production of VEGF
in the avascular area. Thus, a late recurrence is
possible if VEGF is continually produced in the
avascular retina after degradation of beva-
cizumab and the subsequent loss of its thera-
peutic effects. Thus, laser therapy may still be
necessary for nonresponders to IVB [21].

It has been noted that a small proportion of
bevacizumab could leak into the systemic circu-
lation following IVB injection [23, 24]. The
inhibition of systemic VEGF raises concerns that
these important physiological effects associated
with VEGF in development [25–27] may lead to
abnormal organogenesis or neurodevelopment.
Sato et al. [23] found that the serum VEGF was
suppressed for up to 2 weeks after IVB injection.
However, Martínez-Castellanos et al. [28] did not
find any abnormality in neuro-developments
5 years after the use of IVB in a longitudinal

Fig. 11.4 Reactivation of ROP after laser treatment. Reactivation of ROP was noted, leading to retinal detachment
(white arrows). ROP = retinopathy of prematurity

Fig. 11.5 Reactivation of ROP and progression to total
retinal detachment after laser treatment. Combination of
tractional and rhegmatogenous retinal detachment devel-
oped because of retinal holes on the previously lasered
area. ROP = retinopathy of prematurity
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study. Banker et al. [29] also did not report signs
of developmental delay 6 years following the use
of IVB. However, both of these studies were
limited by a modest number of patients and of a
non-randomized study design. The long-term
safety and systemic effects of anti-VEGF agents
in the treatment of ROP remain to be clarified
[30].

Another concern from treatment-induced
complication is the development of myopia and
worsening of refractive error in ROP patients.
Harder et al. [31] reported an incidence of high
myopia in 9% of patients treated with beva-
cizumab compared with 42% in the laser
group. This relatively favorable outcomes in

refractive status with anti-VEGF agents [21, 31]
compared to laser-treated patients may be due to
the fact that a better preserved peripheral retina in
the anti-VEGF treated eyes helps the
emmetropization process. The peripheral retina
has been demonstrated to be important in the
regulation of emmetropization in animal models,
possibly due to its visual feedback [32]. Possible
complications associated with anti-vascular
endothelial growth factor agents are listed in
Table 11.3 and Figs. 11.6 and 11.7.

Scleral Buckle

The management of retinal detachment in
advanced ROP remains complicated. Scleral
buckle has been proposed in the treatment of
stage 4 and stage 5 ROP; however, it is generally
less successful and is associated with more
complications compared to the use of vitrectomy
in the management of advance ROP [33, 34].
This is largely due to the fact that scleral buckle
only relieves traction around the buckle area and
does not relieve the tractional forces in the pos-
terior pole. Furthermore, higher refractive errors
and astigmatism are induced by the placement of
a high scleral buckle in a fast growing eye. In

Table 11.3 Complications associated with anti-vascular
endothelial growth factor agents

Progression of tractional retinal detachment due to
constriction of proliferative tissues [33]

Retinal holes

Retinal detachment

Endophthalmitis

Vitreous or preretinal hemorrhage (Fig. 11.6)

Transient vascular shealthing or vessel occlusion
(Fig. 11.7)

Neuro-developmental delay

Fig. 11.6 Preretinal hemorrhage after injection of beva-
cizumab in the right eye of a patient with stage 3
ROP. Before injection of bevacizumab, the retinal vessels
were torturous but no preretinal hemorrhage was seen (a).

After injection of bevacizumab, the retinal vessel tortu-
osity decreased but some retinal hemorrhage was present
(b). ROP = retinopathy of prematurity
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these incidences, it is important to section or
remove the encircling buckle a few months after
the initial surgery to allow for continuation of
eye development in these patients. Possible
complications associated with scleral buckle are
listed in Table 11.4.

Vitrectomy

Vitrectomy surgery for retinal detachment in
advanced ROP remains challenging. Because
newborn eyes are much smaller than adult eyes,
the anatomy and the surgical approaches are
different. Instruments should be adjusted for use
in smaller eyes [35]. Most importantly, the
chance to amend undesirable complications, i.e.,
retinal breaks, is much lower. The presence of
iatrogenic breaks in stage 5 ROP during the

Fig. 11.7 Transient retinal vessel sheathing after injec-
tion of bevacizumab in a patient with stage 4A
ROP. Three days after injection of bevacizumab, the
inferior retinal vein sheathing (arrows) was noted during
the vitrectomy surgery

Table 11.4 Complications associated with scleral
buckle

Refractive errors

Astigmatism

Strabismus

Ocular muscle disruption

Conjunctival scarring

Conjunctival tissue proliferation

Sclera perforation [35]

Buckling extrusion

Deformation of the globe

Limited eye growth

Glaucoma

Cataract

Progression of tractional retinal detachment due to
constriction of proliferative tissues

Retinal holes

Rhegmatogenous retinal detachment due to drainage of
subretinal fluid

Table 11.5 Complications associated with vitrectomy

Refractive errors

Astigmatism

Strabismus

Conjunctival scarring

Hyphema (Fig. 11.8)

Glaucoma (Fig. 11.9)

Cataract (Figs. 11.9 and 11.10)

Preretinal or vitreous hemorrhage (Fig. 11.11)

Progression of tractional retinal detachment

Retinal holes

Rhegmatogenous retinal detachment

Endophthalmitis

Fig. 11.8 Total hyphema after vitrectomy for
ROP. Hyphema developed a few months after vitrectomy
for stage 4B ROP, possibility due to bleeding and
reactivation of the neovascularization in the angle. This
is an indication of poor retinal condition, such as retinal
re-detachment in the peripheral retina. Aggressive steroid
was given to help reabsorb the blood. ROP = retinopathy
of prematurity
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operation is an extremely poor prognostic factor,
with reattachment rate of 0% in the study by
Lakhanpal et al. despite extensive membrane
dissection, treatment of the retinal breaks, and the
use of long-acting tamponade [36].

Before the operation, the fundus should be
checked again to determine the configuration of
the retinal detachment. The area with the least
amount of retinal dragging is selected as the
infusion site. This approach may reduce the
incidence of an iatrogenic retinal tear. The

vectors that involve tractional forces on the retina
are dissected until the surgeon determines that
the forces are relieved by the vitreous cutter [35].
Aggressive membrane peeling is avoided, and
efforts are made to reduce the possibility of
iatrogenic break, which usually carries with it a
poor prognosis. Retinal flattening takes several
months because of the exudative component in
the subretinal space. Documentation of the sur-
gical procedure is important and is performed
using a video recording system.

Recently, Imaizumi et al. [37] advocated the
short-term use of perfluoro-n-octane in compli-
cated cases of ROP, such as cases with retinal
breaks. The perfluoro-n-octane was removed
after 1–4 weeks postoperatively. Perfluoro-
n-octane has also been used in the case of com-
plex pediatric retinal detachment with severe
proliferative vitreoretinopathy (PVR) [38]. While
the posterior proliferative changes are in the
inferior retina and gas or silicone oil are con-
sidered less effective, perfluoro-n-octane can be
considered as a temporary postoperative tam-
ponade in complicated cases of ROP. Initial
outcome is encouraging in these patients. Possi-
ble complications associated with vitrectomy are
listed in Table 11.5, and Figs. 11.8, 11.9, 11.10
and 11.11.

Fig. 11.9 Development of glaucoma and cataract
9 months after vitrectomy for stage 4B ROP. These
complications, as well as corneal opacity (white arrows)
were noted (a). After lens aspiration, trabeculectomy, and

trabeculotomy, the cornea regained its clarity and the
intraocular pressure was within normal range (b). Periph-
eral iridotomy was shown (white arrow).
ROP = retinopathy of prematurity

Fig. 11.10 Development of cataract 1 year after vitrec-
tomy for stage 4 ROP. Posterior synechia was noted
(white arrow). ROP = retinopathy of prematurity
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12Differential Diagnosis of ROP

George Caputo

Keywords
Retinal detachment � Retinopathy of prematurity (ROP) � Familial
exudative vitreoretinopathy (FEVR) �Mutations � Exudation � Pediatric �
Macular fold � Retinal ischemia

Retinopathy of prematurity can simulate a variety
of conditions according to the stage of the disease.

The main characteristic of ROP is the devel-
opment of extraretinal neovascular proliferation
induced by large territories of non-perfused retina.

Differential diagnosis of ROP is not really an
issue for early stages of the disease, the clinical
features being specific. Advanced stages of ROP
presenting with retinal detachment can be con-
troversial and each clinical feature is seen in
other diseases; retinal ischemia, subretinal exu-
dation, retinal detachment, retinal dragging,
retinal folds are observed in different congenital
or evolving pediatric retinal diseases.

Medical History

The main answer to differential diagnosis of ROP
is the past medical history of prematurity. The
birth weight and term at risk for developing
severe retinopathy of prematurity varies accord-
ing to the country of birth, and is not the same in
developed countries compared to developing

regions. In Nepal, Babies less than 2000 g at
birth and born at 36 WG or less have a 3.8% rate
of stage 3 or more disease [1].

Genetic Background

Differential diagnosis of ROP concerns retinal
diseases that share a common genetic background.
Mutations in the NDP gene is a common feature
present inNorrie disease sharedwith some cases of
familial exudative vitreoretinopathy (FEVR) [2].
Norrin by its interaction with the product of FZD4
is implicated in theWnt signaling pathway, crucial
to angiogenesis. Mutations in FZD4, LRP5,
TSPAN12, or ZNF408 genes are responsible for
FEVR, and little phenotype genotype correlation
has been established [3]. It has been reported in
rare cases of Coat’s disease and ROP amutation in
FZD4 gene [4]. Up to 3% of severe cases of ROP
present mutations in the FZD4 gene that could
explain surprising evolutions of the disease [5, 6].

Clinical Features

Retinal Ischemia

Familal Exudative Vitreoretinopathy
Peripheral retinal ischemia is a specific feature of
ROP and is also observed in Familial exudative
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vitreoretinopathy (FEVR). In the latter, periph-
eral retinal ischemia develops during infancy
inducing extraretinal neovascularization, leading
in the late stages to tractional and exudative
retinal detachment; ischemia predominates on the
temporal retina, with thin peripheral vascular
arborisation that ends with capillary drop-out
(Fig. 12.1). FEVR is a genetic disease with
dominant, recessive or X-linked transmission
that develops with no history of prematurity.
Mutations affect FRZL4, LRP5, Norrie,
TSPAN12 or ZNF408 genes [7].

In advanced cases of FEVR with retinal
detachment in young babies, the exudative
component is often consistently present.

Incontinentia Pigmenti
Incontinentia pigmenti is a dominant genetic
disease linked to chromosome X, lethal for boys.
Retinal ischemia develops during the first year of
life, and usually affects only one eye due to
lionization of chromosome X (Fig. 12.2). Other
specific features of this disease are the dermato-
logical lesions that consist in pigmented skin
lesions on the legs that are visible during the first
months of life [8].

Shaken Baby Syndrome
We have described ischemic lesion in shaken baby
syndrome that could be due to the shearing effect
of the trauma on retinal vessels (Fig. 12.3) [9].

Subretinal Exudation

Subretinal exudation is less commonly seen in
ROP, but can be observed in advanced stages of
stage 4 or 5 disease with very active plus disease.

In FEVR, this feature can be predominant due
to the presence of large vessel peripheral
anastomosis.

Coats disease is characterized by vascular
dilation of capillaries, rarefaction of capillary
meshwork and retinal exudation leading to total
retinal detachment (Figs. 12.4 and 12.5) [10].
Boys are specifically concerned in 85% of the
cases. No vitreous involvement is observed ini-
tially in Coat’s disease; neovascularization can
be observed after induced retinal ischemia by
extensive laser photocoagulation of vascular
aneurysms [11].

Retinal Detachment

Retinal detachment is observed in stage 4 and 5
ROP. In late phases of these detachments, the
fibrous tissue can be the predominant feature of
these tractional detachments, with a very impor-
tant regression of the vascular component in
most cases.

Advanced stages of FEVR are characterized
by total retinal detachment (Fig. 12.6). Although
babies can be affected, the mean age of retinal

Fig. 12.1 Retinal ischemia in FEVR patient. Fundus photograph is unremarkable and wide angle angiography shows
peripheral retinal ischemia
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Fig. 12.2 Retinal ischemia and preretinal neovascularization in incontinentia pigmenti (a, b). Contralateral fundus
photography showing mild vascular changes but inferior temporal ischemia

Fig. 12.3 Partial retinal detachment in a case of shaken baby syndrome: fundus photography (a), fluorescein
angiogram showing extensive retinal ischemia (b)
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detachment in this disease is young infancy or
adolescence. Subretinal exudation is often pre-
sent and asymmetrical disease is a typical pre-
sentation in FEVR.

Persistent fetal vascularization (PFV) can lead
to a big variety of clinical presentation according
to the degree of remaining fibrovascular tissue.
Total retinal detachment is observed in severe
cases, and the absence of vascular disease in the
fellow eye can be the only way to confirm the
diagnosis; wide angle angiography is recom-
mended to eliminate peripheral retinal ischemia.

Retinal dysplasia is characterized by bilateral
involvement of ocular lesions presenting the
same clinical features as in PFV (Fig. 12.7) [12].
Norrie disease is an X-linked disease affecting

boys; hearing impairment and autistic disorder
can be associated.

Macular Ectopia

Macular ectopia is the consequence of retinal
dragging due to temporal extraretinal neovascu-
larization and is shared by ROP and FEVR.
A rectitude of the temporal vessels accompanies
this ectopia.

Retinal Fold

Retinal folds are the cicatricial form of stage 4A
and 4B ROP retinal detachments. Localized and
progressive temporal fibrous tissue contraction
leads to a macular fold. This feature can be
observed in FEVR, PFV, Norrie disease, and
retinal dysplasia [13] (Fig. 12.8).

The appearance of the retina outside the retinal
fold brings significant information: the presence
of vessels is more commonly seen in FEVR and
ROP (the absence of vessels and heavy epiretinal
alterations are more commonly encountered in
PFV and retinal dysplasia (Fig. 12.9).

In summary, differential diagnosis of ROP is
easy in the presence of a typical medical history;
it can be tricky when some degree of prematurity
is present according to the standards of care in
the country of origin. Many diseases can simulate

Fig. 12.4 Example of retinal exudation in coats disease, fundus retinography (a), fluorescein angiography (b)

Fig. 12.5 A cases of retinal detachment due to coat’s
disease. Note The exudative nature of the detachment and
the absence of vitreous involvement
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Fig. 12.6 A case of unilateral total retinal detachment in FEVR comparable to stage 5 ROP

Fig. 12.7 Retinal dysplasia responsible for bilateral retinal fold. Note The pigmentary subretinal changes that help
recognizing diagnosis

Fig. 12.8 A case of unilateral retinal fold in FEVR Note
The exudates and extraretinal neovascularization

Fig. 12.9 Unilateral retinal fold due to persistent featal
vascularization
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specific clinical features of ROP, and a thorough
analysis of the observed lesions helped by
wide-angle angiography allows leading to the
right diagnosis. All these differential diagnosis of
ROP share some common genetic interactions
with the Norrie/FZD4 Wnt signaling pathway
implicated in angiogenesis and the comprehen-
sion and analysis of these mechanisms will help
us in diagnosis and classification of the diseases.
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Retinopathy of the newborn (ROP) is the most
frequent ocular pathology in preterm infants.
Standard pediatric anesthesia works well in older
infant and children undergoing ophthalmologic
surgery. However, anesthesia may be extremely
complex and delicate in acutely ill preterm
infants, very low birth weight infants, or those
younger than 1 year of age afflicted with
ROP. These patients are at greater risk than older
children and demand a special care when general
anesthesia is needed, almost always requiring an
experienced pediatric anesthesiologist.

The preterm infant may have significant sys-
temic illnesses. Common complications of pre-
maturity include, among others, acute and chronic
pulmonary diseases, respiratory failure and pul-
monary hypertension, congenital heart disease,

and intraventricular cerebral hemorrhage. Two
main issues arise from anesthetizing preterm
infants with ROP: airway management and apnea.

Airway Management

Careful attention to airway management, assisted
ventilation, and titration of oxygen therapy with
specified goals are essential for success. In
mechanically ventilated preterm infants, the
anesthesiologist should confirm the position of the
tube, transport the infant safely to the operating
room, and limit the exposure to high concentration
of oxygen. Attention should be taken not to
develop hypercarbia and hypoxia, occurring
commonly as a result of apnea and hypoventilation
during emergency and recovery from anesthesia,
since both can lead to increase in choroidal blood
volume and intraocular pressure [11].

Apnea

Perioperative apnea in preterm infant is widely
described and can occur in 7% of neonates born
at 34–35 weeks gestation, 15% at 32–33 weeks,
more than 50% at 30–31 weeks, and as high as
almost 100% of micropremie (less than 1000 kg)
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[14]. Preoperative assessment should determine
in advance the occurrence, pattern, and fre-
quency of apnea. Those factors should be con-
sidered whether the child is still an inpatient or
an outpatient. Should the child be discharged, the
current use of respiratory stimulants, oxygen,
and/or the use or continuation of an apnea
monitor must be determined. Perioperative apnea
may preclude tracheal extubation or require close
postoperative monitoring after anesthesia [10].

Temperature Management

Preterm and small infants rapidly loose heat
when anesthetized. Therefore, prevention of
hypothermia is essential in the perioperative
environment. Hypothermia can decrease meta-
bolism of most drugs and depresses respiratory
drive in preterm infants. Additionally, infants
with extremely low birth weight require many
weeks to grow and develop to a weight of
approximately 1800 g and to maintain normoth-
ermia without special environmental control [8].
Apnea may also be a complication of hypother-
mia, leading to unnecessary postprocedural
mechanical ventilation, exposing the patient to
new complications or to worsen previous basal
cerebral and pulmonary conditions.

Other Considerations

Preoperative assessment should also include the
child’s developmental and neurologic status at
the time of surgery. Intraventricular cerebral
hemorrhage (IVH) complicates preterm infants
frequently. Mechanically ventilation is one of the
risk factors to develop IVH in preterm infants.
Anesthesia in those preterm infants not infre-
quently requires postoperative mechanical
ventilation.

To prevent and treat possible complications,
intravenous access should be always obtained in
advance of the surgical procedure or any
examination.

Anesthesia Management

An ophthalmologic examination under anesthe-
sia is essential for an accurate diagnosis as well
for evaluations of the progress of ROP and the
response of the disease to treatment. Ophthal-
mologic examinations and procedures may be
performed in the neonatal care unit or in the
operating room and may require sedation or
general anesthesia. For surgical ROP therapy,
infants require general anesthesia to provide
optimal surgical conditions.

Many different technical approaches can be
used [2, 5, 9]. Sevoflurane is the most commonly
inhalational anesthetic agent used for pediatric
patients. Sevoflurane provides a rapid induction
and emergence from general anesthesia. Respi-
ratory support during and following examina-
tions, laser surgery or intravitreal injection of
antiangiogenic agents is commonly accom-
plished using endotracheal intubation and
mechanical ventilation. Frequently, newborns
undergoing ophtalmological treatments or ROP
surgery have been weaned off mechanical ven-
tilation days or weeks before the procedure.
When they are electively re-intubated for ROP
treatment, postoperative extubation can be cum-
bersome and may require prolonged ventilatory
support. Avoidance of tracheal intubation for
short procedure would be the best way to keep
the newborn out of mechanical ventilation [13].

Laser therapy, cryotherapy, and currently the
intravitreal injection of antiangiogenic agents are
the most common treatments for ROP. Because
of the accuracy required to perform the proce-
dure, an immobile field is necessary. In some
cases, it is recommendable tracheal intubation
with neuromuscular relaxants, providing better
perioperative stability for the newborn [4]. Nev-
ertheless, in an attempt to avoid intubation and
mechanical ventilation, and their complications,
we consider another approach to provide general
anesthesia with inhaled agents. This technique
consists in administering inhaled anesthetic
agents through a nasal cannula with an in-made
sideline to monitor end tidal CO2. The nasal
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nostrils with the cannula in place are then sealed
with a tape to provide continuous airflow. In our
experience, it is an alternative way to keep a
continuous positive airway pressure during gen-
eral anesthesia without tracheal intubation
[1, 3, 7].

Prematurity with its wide spectrum of clinical
presentation and complications determines the
most adequate anesthesia technique [6]. In gen-
eral, premature babies need a warm perioperative
environment to reduce thermal stress. To deter-
mine whether sedation or general anesthesia
provided with endotracheal tube, laryngeal mask,
or nasal cannula is the most appropriate tech-
nique, the clinical experience of the anesthesiol-
ogist and the hospital center support has to be
taken into account. For example, adequate sup-
port and monitoring for postoperative period
with babies that require ventilator supporting an
intensive neonatal care unit [12].
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14Neonatologist Perspectives on ROP

Monica Morgues

Abstract
Because neonatologists have achieved better results in the survival of
premature children, neurosensory complications have increased, including
retinopathy of prematurity (ROP). The main goals are the prevention and
monitoring of a timely diagnosis. It is thus necessary to prevent premature
births, apply adequate therapeutic management in the NICU, and avoid
exposure to factors that increase the risk of ROP. Pathophysiological
studies have helped us to learn how the immature retina develops in the
extra-uterine environment to optimize prevention and to develop new
therapies that cause less damage when applied. Supporting ophthalmol-
ogists in all interventions leads to improved diagnosis, particularly when
expertise is required, even when retina specialist is not available, using
digital technologies. Neonatologists should focus on optimizing neonatal
intensive care management and ensure that the child and family screening
is adequate, timely, and performed by an expert.

Keywords
Retinopathy of prematurity (ROP) � Premature birth � Visually impaired
children � Postnatal care � Hyperoxia � Intrauterine grow retardation

Introduction

Retinopathy of prematurity (ROP) is a vascular
proliferative disease that affects normal retinal
development in premature newborns. There is
detention in the vascular growth and then an
abnormal maturation of vessels. If the disease is
severe, it can lead to permanent ocular damage,
retinal detachment, and blindness.
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The neonatal disease perspective of ROP has
focused on prevention and therapy that should be
adequate and timely and should cause fewer side
effects. This sentence seems so simple to write,
but it encompasses all of the problems faced by
neonatology in the history of the disease that
have not yet been fully resolved.

Since it was first described by Theodore Terry
in 1942 [1] and then in 1951, was related to the
administration of oxygen in preterm infants with
respiratory disease, the focus has evolved through
periods of restriction of oxygen to stop what is
known as the first epidemic of ROP, which
occurred in the 1950s, when there was a dramatic
decrease in cases, but a serious increase in

cerebral palsy in premature infants over the next
decade [2]. The impact of these events has gen-
erated a different practice, based on evidence and
moderation of oxygen therapy in neonatal units;
as a result, the disease has appeared again, but
with a higher incidence in children with fewer
weeks of gestation at birth. This second epidemic
has produced many studies and evidence, and in
particular, the technological progress has also
been impressive. Many immature infants now
survive, maintaining a high incidence of ROP in
very immature preterm infants. When this tech-
nology reached developing countries, it increased
the number of surviving very immature infants,
thus starting what has been called the third epi-
demic of ROP (Fig. 14.1).

The WHO has estimated that there are 19 mil-
lion visually impaired children, 1.4 million of
whom are blind. Its incidence is between 0.2 and
7.8/10,000 children, depending on the mortality
rates of children younger than 5 years old, based
on data that are available from each region and
country. In industrialized countries such as the
UK, [3] which recently published a comprehen-
sive study on the subject, it was noted that cases
doubled from 0.17 to 0.41/10,000 children by the
age of 15 years old [4]. Cataracts, diabetic
retinopathy, glaucoma, and ROP are the major
causes of childhood blindness and visual impair-
ment (Table 14.1) [5], and they are among the
priorities of the Pan American Health Organiza-
tion (PAHO). The Action Plan on Eye
Health VISION 2020 Latin America was officially
launched in 2004 as a partnership among PAHO,
the Pan American Association of Ophthalmology
(PAAO), Initiatives for Blind Prevention of the

Fig. 14.1 Number of reported cases of ROP in prema-
ture. a First epidemic; b second and third epidemics

Table 14.1 The different
causes of childhood severe
visual impairment/
blindness

Causes by anatomical site %

Cerebral visual pathways 40

Retina 24

Optic nerve 23

Whole globe and anterior ocular segment 6

Cornea/Lens/Uvea 3

Glucoma 2

Other 2

Adapted by permission from BMJ Publishing Group Limited [3], copyright 2014
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Table 14.2 Preterm birth
rates by country

Country Preterm birth/100 livebirths

Latvia 5.3

Croatia 5.5

Finland 5.5

Lithuania 5.7

Estonia 5.7

Japan 5.9

Sweden 5.9

Norway 6.0

Slovakia 6.3

Ireland 6.4

Italy 6.5

Greece 6.6

Denmark 6.7

France 6.7

Poland 6.7

Chile 7.1

Czech Republic 7.3

Switzerland 7.4

Spain 7.4

Slovenia 7.5

New Zealand 7.6

United Arab Emirates 7.6

Australia 7.6

Portugal 7.7

Argentina 8.0

Israel 8.0

Germany 9.2

Austria 10.9

USA 12.0

Costa Rica 13.6

Ghana 14.5

Cyprus 14.7

Pakistan 15.8

Mozambique 16.4

Zimbabwe 16.6

Congo 16.6

Malawi 18.1

See Ref. [13]
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WHO, and nongovernmental organizations such
as VISION 2020 “Right to Sight”, and it has made
changes to the work of health systems and the
development of national plans for children in
many countries [6]. The strategies of vitamin A
supplementation and measles immunization have
increased coverage, and the blindness from these
causes has been eliminated in many developing
countries [7]. ROP is now the foremost problem,
especially in most industrializing countries in
Latin America and Asia, where the survival of
VLBW infants has improved considerably over
the last decade. Cases are concentrated in less
developed countries that have a higher incidence
of prematurity (Table 14.2).

Perinatal Strategies
in the Prevention of ROP

Neonatologists should focus their work in ROP
on various strategies applied at different times in
clinical practice.

Prenatal Care

Fetuses grow and develop in a relatively hypoxic
environment, but with sufficient oxygen (O2) to
meet their needs. If available oxygen decreases,
the fetus has specifics mechanisms of adaptation
and compensation. The fetal arterial O2 pressure
is close to 20–25 mm Hg. This low pressure is
“misleading”, and oxygen availability during
stress depends on the amount of oxygen delivery
with blood perfusion (systemic oxygen transport)
and tissue requirements (oxygen demand) and
not only oxygen stress. Fetal hemoglobin (Hb F)
provides the fetus with the ability to carry more
oxygen from the placenta. It requires more oxy-
gen than adult hemoglobin in the same concen-
trations, which allows it to absorb oxygen
placental hemoglobin, with an oxygen pressure
less than that in the maternal lung.

Prevention of preterm birth should be a joint
effort with the obstetric team [8], sensitizing
doctors to the impact of prematurity on the visual

health of children and optimizing interventions in
pregnant women. The use of antenatal steroids
has small protective effects, so steroids should
work to improve coverage of those at risk for
preterm birth [9].

It has been postulated that vascular develop-
ment and angiogenesis are the results of complex
interactions between growth factors and mito-
gens, both locally and systemically produced,
which stimulate or inhibit cell differentiation,
proliferation, migration, and maturation of
endothelial cells. Hellstrom et al. reported that
low levels of insulin-like growth factor (IGF-I) in
preterm patients were associated with ROP; in
addition, these levels are as good a predictor of
the disease as gestational age and birth weight.
Recently, IGF levels were associated with ROP
by intraocular quantification, varying with repe-
ated fluctuations between hyperoxia and hypoxia
[10]. This finding suggests that these cytokines
might increase understanding of the observed
clinical findings after these fluctuations in
ROP. The regulation of the expression of vas-
cular endothelial growth factor (VEGF) and other
cytokines can contribute both to normal retinal
vascular growth and to abnormal disruption and
subsequent neovascularization. VEGF gene
expression is regulated by many factors, includ-
ing hypoxia, which is a potent inducer of VEGF
by increasing gene transcription and stability in
RNA, growth factors, cytokines, and other
extracellular molecules [11, 12].

Perinatal Strategies to Be
Implemented (Table 14.3) [13]

Surveillance of risk factors for preterm birth and
controlling them.

Screening for urinary tract infections of
pregnant women.

Treatment of bacterial vaginal infections.
Surveillance of twin pregnancies.
Length measurement of the uterine cervix at

20–22 weeks of gestation; if less than 25 mm in
longitude, it is associated with a 40% rate of
preterm birth.

142 M. Morgues



Uterine artery Doppler ultrasound at
22–24 weeks to identify the risk of changes due
to preeclampsia.

Treatment with progesterone or cervical cer-
clage perhaps indicated.

Use of tocolytics to delay delivery in cases of
early labor.

Use of antenatal steroids.

Postnatal Care

Advances in the Neonatological
Treatment of Prematurity, the “Better
Practices”
The principal risk factors described are prema-
turity, oxygen therapy, male sex, and white race.
Other risk factors have also been identified:
delays in pre- and postnatal growth, assisted
ventilation for more than 1 week, surfactant
therapy, high volume blood transfusions, the use
of erythropoietin and severe disease have been
independently associated with higher rates of
ROP.

The key is the prevention of ROP, for which
we should emphasize the importance of identi-
fying and reducing known risk factors.

Oxygen as a Principal Risk Factor
Oxygen is essential for cell functioning. The
fetus develops normally in a hypoxic environ-
ment, and mechanisms to neutralize the adverse
effects of high levels of oxygen are not fully
developed. The range of oxygen and its
requirements are not known and are variable
during fetal development. Oxygen plays an
important role in the pathogenesis of ROP; both
hypoxia and hyperoxia will trigger a cascade of
events that can lead to retinopathy [2, 14, 15].
Longer and uncontrolled high inspiration of
oxygen concentration therapy severely increases
the risk of ROP.

Excess oxygen interrupts normal vascular
development and starts stimuli that can lead to
ROP [16]. The retina is rich in polyunsaturated
fatty acids, and it can easily produce lipid per-
oxidation and free radicals. Prostaglandin gen-
eration plays an important role in the regulation
of ocular blood flow. Nitric oxide is very active
in the choroid coat of the globe of the newborn,
and it also regulates local flow. Interaction
between increased PaO2 and the perfusion pres-
sure in the retina causes hyperoxia and initiates
vascular alterations with the aberrant vessel
characteristics of ROP. The most cost-effective

Table 14.3 Contribution of risk factors to extremely, very, and moderately preterm births—register-based analysis of
1,390,742 singleton births

Adjusted odds ratio by risk factor Extremely preterm OR (IC) Very preterm OR (IC)

Maternal age: 30–39 (years) 1.25 (1.16–1.36) 1.24 (1.17–1.33)

Pregravid BMI � 30 1.48 (1.20–1.82) 1.46 (1.24–1.74)

Smoking 1.21 (1.09–1.34) 1.23 (1,33–1.34)

Not married or cohabiting 1.31 (1.12–1.54) 1.32 (1.16–1.50)

Prior miscarriages 1.41 (1.36–1.46) 1.26 (1.22–1.31)

In vitro fertilization 2.14 (1.63–2.82) 1.52 (1.18–1.96)

Anemia � 100 g/l 2.48 (1.82–3.38) 1.48 (1.08–2.04)

Chorionic villus biopsy 1.80 (1.38–2.33) 1.20 (0.93–1.56)

Amniocentesis 2.04 (1.75–2.37) 1.58 (1.38–1.82)

SGA 7.35 (6.69–8.09) 7.93 (7.35–8.55)

Mayor congenital anomaly 3.57 (3.17–4.01) 4.70 (4.31–5.12)

Stillbirth 4.46 (3.68–5.42) 3.73 (3.10–4.49)

Adjusted odds ratios (a ORs) of singleton extremely preterm and very preterm births for the years 1987–2010 in Finland
[8]

14 Neonatologist Perspectives on ROP 143



action in the prevention of ROP is the prevention
of preterm birth and rational and controlled use
of oxygen [17].

Cautious administration of oxygen should be
considered in three periods in premature infants:
immediately after birth; during the acute phase of
respiratory illness and recovery of neonatal dis-
tress; and at the time when bronchopulmonary
dysplasia (BPD) begins.

After birth, many premature infants require
supplemental oxygen to achieve adequate levels of
oxygenation in the first 20 min of life. In the
resuscitation of preterm infants <32 weeks old, an
initial oxygen concentration between 30 and 40% is
appropriate to reach saturation of 80–85% at 5 min
of life and to stabilize at 88–92% at 20 min [18].

Early in the acute stages of illness,
oxygen-saturation targets should be maintained
at a low range of 88–92% to reduce the risk of
ROP. Pulse oximetry is the best method to
measure O2 saturation (SpO2) [19]. The correla-
tion between SpO2 and PaO2 can be difficult to
interpret because the affinity of fetal Hb to oxy-
gen can be affected under different physiological
conditions. Castillo et al. showed in preterm
infants that SpO2 values between 85 and 93%
were correlated well with a mean PaO2 of
56 ± 14.7 mm Hg, whereas SpO2 was 93%, and
PaO2 increased to 107.3 ± 59.3. SpO2 limits
must be maintained in the prescribed range.
Surfactant use in RDS allows for less use of O2

in quantity and duration (Table 14.4).
The incidence of BPD increase when high

SpO2 values are used during the recovery period,
and more frequent hospitalizations for respiratory
diseases during early childhood have been seen,
as evidenced in the BOOST study. Present

evidence suggests that it is unwise to target
oxygen-saturation values less than 90% in pre-
term infants born before 28 weeks of gestation.
In the STOP-ROP study, 48% of infants on
conventional oxygen (target 89–95%) and 41%
of infants on supplemental oxygen (target 96–
99%) progressed to threshold ROP. After
adjustment for baseline factors, there was no
significant difference between the groups. How-
ever, the supplemental oxygen group had worse
systemic outcomes, with pneumonia or worsen-
ing chronic lung disease in 13.2%, compared to
8.5% in the conventional oxygen group. The
monitoring of SpO2 should maintain the range in
the appropriate range of SpO2 90–94% [20–22].

ROP Screening and Treatment
Early detection and timely treatment allow for
better therapeutic performance [23–25]. Preterm
infants that should be monitored according to the
international guidelines for ROP prevention
include babies with gestational ages equal to or
less than 32 weeks with birth weights equal to or
less than 1500 g, as well as those with birth
weights greater than 1500 g and/or >32 weeks of
gestational age who received oxygen for periods
longer than 72 h. Risk factors that should be
monitored in ROP include the following:

Newborns at Risk

1. Mechanical respiratory assistance
2. Prolonged or poorly monitored oxygen
3. IVH III–IV
4. DAP
5. DBP

Table 14.4 Summary
meta-analysis of severe
ROP in infants in low
versus high
oxygen-saturation target

Study Relative risk (95% IC)

Support 0.52 (0.37–0.73)

BOOST (UK) 0.79 (0.60–1.06)

BOOST (AU) 0.76 (0.49–1.18)

BOOST (NZ) 0.86 (0.39–1.89)

COT 0.95 (0.65–1.39)

Overall 0.74 (0.59–0.92)

RRs and 95% IC’s are given. RR exceeding 1 favors a high oxygen-saturation target
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6. Another chronic illness requiring O2

7. Transfusions of blood
8. Hyperoxia, hypoxia, or hypercapnia–

hypocapnea
9. Shock

10. Apnea
11. Resuscitation techniques
12. Moderate to severe acidosis
13. Sepsis
14. Multiple gestations
15. Malnutrition
16. Deficiency in vitamin E

Intrauterine grow retardation (IUGR) and
postnatal malnutrition have been reported to be
important risk factors associated with ROP [7].
Infants who are small for their gestational age
and below the 10th percentile should be consid-
ered at increased risk for developing prethreshold
ROP versus AGA without grow restriction
(p < 0.01), and they were more likely to develop
severe ROP [26].

Administration of erythropoietin (rhEPO)
reduces the need for transfusions, but it has been
linked to a higher incidence and more severe
course of ROP. It is a glycoprotein that stimulates
the proliferation and differentiation of precursors
of red blood cells, and it also affects the migration
and proliferation of endothelial cells in retinal
neovascularization processes, thus promoting
angiogenesis. Both in vitro and in vivo, it exhibits
the same angiogenic potential in endothelial cells,
such as VEGF [27]. RhEPO is present in the
development of the human retina, particularly in
the region of activated mitosis. In the study by
Kevin et al., rhEPO administration was an inde-
pendent risk factor for ROP. Brown et al. reported
that early administration of rhEPO was associated
with an increased risk of ROP (OR 1.27). ROP
was increased when rhEPO was administered
within the 3 weeks after birth or during the first
8 days of life to prevent anemia; therefore, rhEPO
is not recommended in preterm infants [28].

Infections can worsen the course of ROP
[29]. In a study of children with ROP, those with
positive Candida blood cultures were more likely
to reach the threshold for ROP requiring surgery
(OR 7.4, 95% CI 1.7–32.1). The infection was

also associated with a poor outcome after laser
photocoagulation.

Nutritional The risk of developing ROP also
appears to be related to difficulties in increasing
weight and size and to serum levels of IGF-1 and
IGFBP-3 [30]. Postnatal weight predicts the
occurrence of ROP at the sixth week of life.
Weight gain <50% of newborn weight at the
sixth week of life is a risk factor for developing
ROP [31, 32]. Anemia aggravates the outcomes
of ROP, particularly in the first 28 days of life.
The visual system has strict nutritional require-
ments for the appropriate development of the
photoreceptors and membrane cells in the visual
cortex [12]. In both, more than 60% of the
structures are formed by lipids with high con-
centrations of docosahexaenoic acid. Preterm
birth incurs a high risk of deficiency of this fatty
acid if it is not provided in the diet because
precursor fatty acids production is limited [33].
Children not supplemented with diets rich in
docosahexaenoic acid showed deficits in visual
function.

Surfactants act as a protective factor
decreasing the incidence of ROP due to
decreased time and duration of oxygen therapy
[34].

Transfusions Hb F (fetal) has a higher affinity
for oxygen than adult Hb, so transfusions of red
blood cells from adult donors increase free blood
oxygen, and they increase the risk of ROP [27].

Phototherapy and light It was shown that
there is a relationship between luminous therapy
and disease progression. The study published by
J.D. Reynolds in 1998 showed that there was no
impact in preventing ROP of reduced exposure to
light. Light is no longer considered to be a risk
factor [35].

Carbon dioxide The vasodilatory action of
carbon dioxide increases the area of the
endothelium exposed to the toxic action of oxy-
gen. Some studies have found a direct relation-
ship between ROP and hypercapnia [36].

Different NICUs have different neonatal
practices and experiences, so the risk of ROP
varies among them. General ophthalmologists
are responsible for surveillance and early diag-
nosis of ROP, but Type-1 retinopathy requires
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immediate therapeutic and diagnostic approa-
ches, and expertise is necessary because a child
who is blind from birth involves deep and costly
limitations for the rest of his or her life. European
countries have estimated this cost at € 300,000
over 50 years of life without considering educa-
tional costs [37–39]. A child with neurodevel-
opment limitations causes enormous disturbances
of family relationships [40]. Ophthalmologist has
used telemedicine diagnosis with digital images
of the retina to solve this problem. Now it is
possible to coordinate remote diagnostics with
ophthalmologists who are experts in ROP.
Telemedicine has successfully reduced late sur-
gical intervention, improving visual prognosis.
Photos constitute important legal evidence during
the maturation of the retina and the assessment of
the response to ocular therapy. In 9% of surviv-
ing infants, periventricular hemorrhage occurs.

Outcomes in children with ROP
The major permanent complications in pre-

maturity are neurological deficits, which include
cerebral palsy, mental retardation, and visual
impairment or blindness.

The health of babies in the NICU does not end
with hospital discharge. The medical tasks only
stop when a child is able to join society as a
healthy infant who is useful and able to fend for
him- or herself. Therefore, a child with these
characteristics must be discharged if the parents
are informed and know what steps are necessary
to care for their babies. Providing information
about ROP to the parents of children at risk for
visual impairment is not only a right of parents,
but it is also important for the development of
these children. Family-centered care is now the
gold standard for health care in special condi-
tions. For this reason, all agents involved in the
medical care of this type of child should be
prepared to do so appropriately with this focus.

The major vision development occurs in the
first year of life and must be evaluated, especially
in premature with ROP, who have an increased
risk of various ophthalmic and visual dysfunc-
tions and abnormalities. Connolly [41] compared
the results of cryotreatment and laser treatment at

the age of 10 years. The long-term outcomes and
effects of the recently introduced anti-vascular
endothelial growth factor (VEGF) drugs are not
yet known. In the 1990s, laser therapy was
introduced, and in 2002, the visual outcomes of
eyes treated with cryotherapy and laser were
compared, with better visual outcomes reported
with laser.

Children with severe visual deficits are
complex patients because many of them have
associated pathologies, and although a therapeu-
tic approach should include interdisciplinary
action (e.g., developmental pediatrics, neurol-
ogy, orthopedic surgery, otolaryngology, visually
stimulation, psychology, speech therapy), it is
important that the ophthalmologist considers part
of their role to be to integrate the opinions and
advice of all professionals involved in the diag-
nosis and treatment of the child [42]. Today, laser
therapy is the treatment of choice for regression of
ROP in themajority of cases. Despite treatment for
aggressive posterior ROP (AP-ROP), a substantial
proportion of eyes develop retinal detachments,
very likely leading to very poor vision, if any [43,
44]. Anti-VEGF treatment can improve the struc-
tural and visual outcomes of AP-ROP, but the
long-term systemic and ophthalmic effects are still
unknown [45].

ROP is a disease with a high risk of visual
impairment, so it should be included among
diseases of children with special needs. Visual
perceptual deficits, including problems with
recognition, orientation, depth perception, per-
ception of movement, and simultaneous percep-
tion, are becoming common in prematurely born
children and can significantly affect their daily
lives.

In the evaluation of children with special
needs, there are three main indicators to be
considered.

1. State of health: morbidity, growth, degree of
vision, level of cognitive development, etc.

2. Functional status: social integration, perfor-
mance in school, ability to perform activities
of daily living, level of autonomy
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3. Quality of life: the impact the disease has on
the individual, considering the patient’s
perspective.

During evaluations, the infant must be eval-
uated in the different aspects of development to
determine the level of compromise in each
patient.

1. Motor: It is necessary to know the normal
pattern and any difference in the ages at
which children usually sit, stand, crawl, and
walk.

2. Language: Related information should be
requested at the time of the acquisition of
language with the richness of its content. In
all cases, there will be the need to apply
interconsultation with an otolaryngologist. It
is essential to ensure that the auditory path-
way works normally because this is the
alternative means that is most important for
acquiring information about the environment.

3. Visual performance: It is important to ques-
tion the parents about the visual performance
of children in situations of daily life, that is, if
the child smiles at familiar faces, can track
objects, collides with furniture and toys, is
able to find the parent when the parent enters
a room or approaches things to see them,
recognizes his or her mother when she enters
the room, etc. Infants as young as 3 months
of age can perceive moving patterns very
well, suggesting that the brain areas respon-
sible for motion processing develop rather
early. With ERP (evoked retinal potentials),
the visual objective response in babies can be
measured.

Visual acuity has no direct relationship with
the child’s visual function. The best way to
evaluate this last factor is to observe the child
daily. In a child, it is more important to deter-
mine the visual performance and visual acuity.
Furthermore, it is decisive to determine how the
infant can manage to cope with his or her
remaining vision.

Visual acuity should not be the only param-
eter for determining visual functionality, due to

the large capacity of accommodation that chil-
dren present, allowing them to magnify the reti-
nal image and to improve the performance of
their environment relative to their visual deficits.

To assess visual capacity, numerous technical
evaluations of the different optical functions
exist, including perceptual lenses that are used
for visual stimulation, which confirm how the
child uses the visual data obtained from the
environment.

4. Social integration: This point aims to detect
possible trends of disengagement, difficulty
interacting with peers, etc.

5. School history: It should be asked whether
the child attends a normal or special school, if
he or she has an inclusive teacher, if he or she
follows the academic content of the courses,
and if he or she reads and what types of books
are read, especially the print size that he or
she is able to see. The physician should
exclude learning problems because parents
generally tend to interpret any learning diffi-
culties as being the result of vision
impairment.
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