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Key Concepts

1. Retinopathy of prematurity (ROP) continues to cause
serious problems in developed countries and has
seen a recent dramatic increase in developing coun-
tries. Our improved understanding of its pathogene-
sis has led to a useful classification system of ROP
and reasonably effective therapies being utilized
today with potential new therapies on the horizon.

2. Persistent fetal vasculature results from failure(s) of
regression of the fetal vitreous circulations includ-
ing the vasa hyaloidea propria. Resulting patholo-
gies have variable clinical presentations, genetic
associations, and treatment options.

3. Familial exudative vitreoretinopathy was first
described in 1969 and since been identified to have
tremendous variability in the clinical presentation,
course, and even inheritance patterns. When severe,
FEVR can be a lifelong retinal vascular disease
with variable periods of quiescence.
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I. Introduction

Congenital vitreoretinopathies manifest in the pediatric or
adult population in a variety of ways and cause varying lev-
els of vision loss. These conditions can also be influenced by
environmental factors, as in retinopathy of prematurity
(ROP), or be associated with inheritance involving autosomal
dominant, autosomal recessive, or X-linked patterns or be
sporadic, as with familial exudative vitreoretinopathy
(FEVR). As more is learned regarding gene associations, it is
anticipated that complex genetic interactions may also play a
role in the pathophysiology. Given the rarity of the diseases
and their variable manifestations, along with the difficulty of
obtaining longitudinal clinical information in the pediatric
population, correct diagnosis and treatment can be quite
challenging.

The goal of this chapter is to describe the presentations
and classifications of ROP, persistent fetal vasculature (PFV),
and FEVR that will be helpful to the caregiver to identify
these diseases. In order to accomplish this goal, ancillary tests
that are helpful in distinguishing different vitreoretinopathies
will also be reviewed. In addition, up-to-date treatment
options will be discussed. A history of past treatment options
and studies that have led to current treatment recommenda-
tions for ROP will be included. Whereas fewer analogous
studies exist for PFV and FEVR, the current literature and
treatment recommendations will also be reviewed. Finally,
the expanding knowledge of the genetic components of these
diseases will be reviewed as well as systemic associations.

Il. Retinopathy of Prematurity

Retinopathy of prematurity (ROP) was first described by
Terry in 1942 as the most advanced stage, stage 5 ROP, then
described as retrolental fibroplasia. ROP involves aberrant
developmental angiogenesis in preterm infants associated
with first a delay in physiologic retinal vascular development
and later vasoproliferation into the vitreous, which can lead
to complete retinal detachment and blindness. In the United
States alone, it is estimated that 14,000-16,000 infants are
affected by some degree of ROP annually with 1,100-1,500
requiring treatment and 400—-600 becoming legally blind [1].

Studies by Patz [2] in 1952 and Kinsey [3] in 1956 dem-
onstrated a link between high oxygen concentrations at birth
and the development of ROP. A 40 % limit of oxygen deliv-
ered was recommended and was associated with decreased
blindness from ROP. However, the reduction in oxygen
delivered to the preterm infant was associated with increased
mortality and a greater prevalence of cerebral palsy among
survivors [4]. Today it is understood that low birth weight
and young gestational age are highly associated with
increased risk of developing ROP [5]. However, ROP remains
the second most common cause of childhood blindness in the
United States and other developed countries, next to cortical

blindness [6]. More recent data from middle-income and
low-income countries have shown an explosive increase in
severe ROP worldwide. Indeed, it is thought that two-thirds
of the 50,000 children who are blind from ROP worldwide
live in Latin America [5]. This is largely believed to be due
to increased survival in premature babies; however, oxygen
regulation, screening programs, prenatal care, and therapies
may be limited due to reduced financial and personnel
resources. This section will review current classifications of
ROP, our changing understanding of its pathogenesis, and
current and potential therapies utilized in its treatment.

A. Classification

The International Classification of Retinopathy of Prematurity
(ICROP) provides standards for documenting the extent and
severity of ROP. Four parameters are used: zone, stage, extent
of stage, and presence or absence of plus disease. Since physi-
ologic retinal vascular development proceeds peripherally to
the ora serrata from the optic nerve, the optic nerve is consid-
ered the center of the diagram that divides the retina into zones.

The zone is indicated as the highest zone into which vascular-

ization in any clock hour occurs.

* Zone I corresponds to a circle, the center of which is the
optic disk, with a radius of twice the distance from the
optic disk to the center of the fovea.

e Zone II forms a circle peripheral to zone I with a radius
from the optic nerve to the nasal ora serrata.

e Zone Il is made up of the remaining temporal crescent of
retina outside zones I and II.

The vascular stages of ROP (stages 1-3) are defined
according to the appearance of the junction between vascu-
larized and avascular retina. Staging is based on the most
severe stage present in any location within the eye.

* Stage 1 is characterized by a flat white line that separates
vascularized from avascular retina.

e Stage 2 is a ridge with volume in the region between the
vascularized and avascular retina. Small tufts of new ves-
sels may be seen in the vascularized retina posterior to the
ridge (Figure III.A-1).

* Stage 3 is characterized by neovascularization growing
along the ridge and into the vitreous and may cause vitre-
ous hemorrhage (Figure I11.A-2).

e In stage 4, with advancing fibrovascular proliferation,
traction is exerted on the retina, and progressive stage 4
ROP develops with a partial retinal detachment as a result.
Stage 4 ROP is divided into stages 4A and 4B. In 4A, the
detachment does not involve the macula, whereas in 4B, it
does (Figure I1I.A-3).

e Stage 5 denotes a total retinal detachment, sometimes
with a peripheral attached trough anteriorly. These are
almost always funnel shaped and further classified as
“open” or “closed” anteriorly or posteriorly depending on
the shape of the funnel.
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Figure IllLA-1 Left eye of premature infant demonstrating Stage 2
ROP (RetCam image, Clarity)

Figure lll.LA-3 Left eye of premature infant with stage 4A ROP dem-
onstrating peripheral retinal detachment not involving the macula. Note
the previous laser therapy to the surrounding avascular retina (RetCam
image, Clarity)

Figure Ill.LA-2 Left eye of a premature infant with stage 3 ROP with
small hemorrhages and prominent neovascular vessels along the ridge
(RetCam image, Clarity)

Plus disease refers to dilation and tortuosity of the retinal
arterioles and veins and is defined by a standard photograph
published in the CRYO-ROP study [6] (Figure III.A-4).
Recently, “pre-plus disease” and “aggressive posterior ROP”
(APROP) were added as categories. Pre-plus disease is
defined as abnormal dilation and tortuosity of the posterior
pole arterioles and veins that are insufficient for the diagno-
sis of plus disease. APROP is a severe plus disease in poste-
rior zone II or zone I, which behaves in an aggressive manner
with rapid progression often not adhering to the progression
of stage of severity and with a higher likelihood of complete
retinal detachment.

“Threshold ROP” was defined in the Cryotherapy for
Retinopathy of Prematurity (CRYO-ROP) study as 5

Figure Ill.A-4 Infant with ROP demonstrating plus disease (RetCam
image, Clarity)

contiguous clock hours or 8 total clock hours of stage 3 ROP
and plus disease in zone I or zone II. A “prethreshold ROP”
classification defined eyes at risk of developing threshold
ROP and was further subdivided into high-risk (type 1) and
low-risk (type 2) prethreshold disease in the Early Treatment
for Retinopathy of Prematurity (ETROP) study. High-risk
(type 1) eyes were estimated to have a >15 % chance of an
unfavorable outcome, whereas low-risk (type II) eyes had
<15 % chance.

Type I ROP — (high-risk) prethreshold ROP — was
defined as:
e Zone I, any stage with plus disease
* Zone I, stage 3 with or without plus disease
e Zone II, stage 2 or 3 with plus disease
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Type 2 ROP - (low-risk) prethreshold ROP — was
defined as:
e Zone I, stage 1 or 2 without plus disease
e Zone II, stage 3 without plus disease

Results from the ETROP study recommended peripheral
laser ablation to the entire avascular retina for type 1 ROP
and weekly or twice weekly observation of type 2 ROP. Early
treatment of infants resulted in fewer unfavorable structural
outcomes and significantly reduced unfavorable visual acu-
ity at 6 years’ follow-up compared with conventional treat-
ment [7, 8].

B. Pathophysiology

In utero, retinal development takes place in a relatively
hypoxic environment with an arterial oxygen level (PaO,)
of approximately 30 mmHg and a saturation level of
approximately 70 % [9]. This physiologic hypoxia is
believed to induce growth factors that promote blood vessel
development [10]. The hyaloid artery is the first vessel
within the eye, appearing at approximately 6 weeks’ gesta-
tion. The retina begins undergoing vascularization at
approximately 16 weeks’ gestation with vessels extending
from the posterior pole toward the ora serrata and com-
pletes its extent by 40 weeks or term birth [11]. Initially, the
retinal vascularization is believed to occur by vasculogen-
esis from endothelial precursor cells or angioblasts that
arise from the deeper layers of the retina [12]. Angioblasts
cover the posterior pole of the retina through at least 22
weeks’ gestation. Following that, less is known about what
happens in humans and, therefore, studies are based on
other species. Retinal vascularization is believed to prog-
ress by angiogenesis, i.e., proliferation of endothelial cells
from existing blood vessels that then migrate toward a gra-
dient of vascular endothelial growth factor (VEGF) [13].
Other cells and growth factors, such as insulin-like growth
factor-1 (IGF-1) and erythropoietin, can interact with
VEGF and play a role [13-15].

From human observation and animal studies, ROP has
been characterized as having two phases. In the first phase,
a delay in physiologic retinal vascular development occurs.
Premature infants have retinas that are not yet fully vascu-
larized, and, therefore, there are areas of peripheral avascu-
lar retina when a preterm infant is born. The premature
infant experiences fluctuations in blood oxygen levels that
likely alter the oxygen status of the retinal tissue and the
concentration of hypoxia-inducible factor-regulated growth
factors, including vascular endothelial growth factor
(VEGF). In addition, other angiostatic factors, such as pig-
ment epithelium-derived factor, are upregulated during
hyperoxia and downregulated during hypoxia. Oxygen
fluctuations increase the expression of VEGF and also trig-
ger signaling pathways related to reactive oxygen species

from oxidative signaling that slows vascular development
[16-18]. As the infant matures, supplementation of oxygen
is reduced and the hyaloid vasculature regresses, contribut-
ing to hypoxia in the avascular retina. VEGF signaling
through VEGF receptor 2 (KDR or Flk-1) increases and
affects downstream pathways to delay physiologic retinal
vascular development [19] and cause disordered growth of
vessels into the vitreous rather than into the retina during
the second phase of ROP at around 32-37 weeks’ gestation.
The abnormal vessels and later fibrovascular scarring can
place traction on the retina and thus cause subsequent reti-
nal detachment.

1. Mechanism of Retinal Detachment

Retinal detachments associated with ROP are divided into
stages 4A, 4B, and 5. Others use the terms “predominantly
effusive” or “predominantly tractional” to further classify
these detachments [20]. The retina in a predominantly
effusive detachment is convex toward the lens with fluid
extending posterior to the ridge and toward the macula.
This detachment is believed to result as vascular struc-
tures leak fluid into the subretinal space. It is seen less
frequently after laser treatment than following cryother-
apy. In a predominantly tractional detachment, peaked
retinal folds pull the retina toward the center of the eye.
Often, a central stalk and spokes of traction extend poste-
riorly when associated with regression of posterior hya-
loid vessels and extend anteriorly when predominantly
associated with delayed regression of the tunica vasculosa
lentis. Both components can be seen (Figure III.A-5).
Additionally, excessive growth factors in the eyes with
ROP are associated with upregulation of hyaluronan and
disproportionately liquefied vitreous that then provides
reduced internal tamponade allowing the retina to be
pushed (effusive) or pulled (tractional) away from the
underlying choroid. A retrospective analysis by Hartnett
et al. [21] reported that ridge elevation, recurrent or per-
sistent plus disease, or vitreous haze and the appearance
of vitreous organization in front of the lens in eyes treated
for threshold ROP predicted progressive stage 4 ROP. In
addition, Coats reported that vitreous organization and
vitreous hemorrhage were associated with progressive
stage 4 ROP [22].

Vitreous liquefaction is often unidentified [23] in stages 1
and 2 ROP and likely occurs as a result of both reactive oxy-
gen species [24] and inadequate synthesis by the underlying
peripheral retina where immature Miiller cells do not support
typical gel vitreous synthesis and may account for the vitre-
ous trough apparent during surgery for stage 4 ROP. The dis-
rupted molecular composition may limit the inherent vitreous
ability to inhibit cell invasion [25-27], thereby permitting
neovascularization in stage 3 ROP to grow [28, 29] between
posterior gel and peripheral liquid vitreous anteriorly [29]
(Figure II1.A-6). Instability at the interface between gel and
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Figure lll.A-5 Artist’s rendition of a traction retinal detachment due to
retinopathy of prematurity. Left: Asymmetrical traction associated with
posterior elements of hyaloid vasculature. Center: Symmetrical traction

liquid vitreous causes localized collapse of the peripheral
vitreous at the ridge exerting traction on the underlying
ridge, contributing to tractional retinal detachment.

C. RiskFactors

Prior to the ability to regulate oxygen to preterm infants,
high oxygen at birth was recognized as a cause of ROP [2],
Now, other oxygen conditions including fluctuations in oxy-
genation [30], hypoxia, hyperoxia (see below), and other
stresses have been associated with ROP. The most important
risk factors for developing ROP are young gestational age
and low birth weight. However, more than 50 separate risk
factors have been identified. Multivariate analyses demon-
strate that low birth weight, young gestational age, poor
postnatal weight gain, low IGF-1 levels, hyperglycemia, arti-
ficial ventilation more than 7 days, need for blood transfu-
sions, surfactant therapy, and systemic infections are all
independently associated with higher rates of ROP [31].

of the posterior hyaloid vasculature. Right: Traction secondary to ante-
rior hyaloid, i.e., tunica vasculosa lentis. Top row corresponds with
view through indirect ophthalmoscope (adapted from [20])

Figure Ill.LA-6 Photomicrograph of the peripheral fundus in retinopa-
thy of prematurity. The lens (¥) is in the upper right-hand corner. Below,
a fibrovascular membrane is present at the interface between the poste-
rior gel vitreous and the peripheral liquid vitreous. Ridge elevation is
seen (arrow). The inset (upper left) shows the histopathology that
clearly distinguishes between gel (G) and liquid (L) vitreous (Courtesy
of Maurice Landers, MD; reprinted with permission from: Sebag and
Nguyen [132])
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D. Prevention

Many interventions have been studied in an effort to limit the
development or progression of ROP. Identifying strategies to
prolong gestation through good prenatal care [32], reduced
teenage pregnancies [33], and avoidance of illegal drugs [34]
may reduce the morbidity experienced in association with
premature birth.

In the 1990s interest in treating the hypoxic stimulus for
neovascularization developed, and the Supplemental
Therapeutic Oxygen for Prethreshold ROP (STOP-ROP), a
multicenter trial to study the efficacy of supplemental oxy-
gen in reducing the progression of ROP to threshold, was
undertaken [35]. Six hundred and forty-nine patients with
prethreshold ROP were randomly assigned to maintain oxy-
gen saturation at 96-99 % (supplemented group) vs. 89-94 %
(conventional group). Progression to threshold was not sta-
tistically significant between the two groups (41 vs. 48 %),
but adverse pulmonary effects occurred more frequently in
the oxygen-supplemented group. On the other hand, several
studies in recent years have shown a benefit to carefully reg-
ulating oxygen saturation levels. One such study by Chow
et al. [36] utilized strict oxygen management with saturation
limits of 85-93 % SaO, for infants younger than 32 weeks’
gestation. They demonstrated a reduction in incidence of
stages 3 and 4 ROP from 12.5-2.5 % and decreased need for
laser treatment from 4.5-0 %. In 2006, VanderVeen et al.
[37] reported a dramatic reduction in the incidence of pre-
threshold disease in at least one eye of infants weighing less
than 1,250 g from 17.5 to 5.6 % after lowering oxygen alarm
levels from 87 to 97 % to 85-93 %. Britt and Sandoval [38]
also instituted a policy to maintain oxygen saturation at
85-93 % for infants younger than 30 weeks’ gestation and
found that the incidence of stage 3 or more advanced ROP
decreased from 49 to 15 % and the need for laser decreased
from 38 to 15 %.

Recent clinical trials [39], the Surfactant Positive Airway
Pressure Pulse Oximetry Randomized Trial (SUPPORT), in
the US, Benefits of Oxygen Saturation Targeting Study II
(BOOST II) in Australia, UK, and New Zealand and the
Canadian Oxygen Trial (COT) in Canada, US, Argentina,
Finland, Germany and Israel tested the role of oxygen satura-
tion targets (85-89 % Sa0,) compared to infants with high
oxygen saturation targets (91-95 % SaO,) and the associa-
tion with ROP. In SUPPORT and BOOST II, there was
increased death in the infants with low oxygen saturation
targets (85-89 % Sa0,) compared to infants with high oxy-
gen saturation targets (91-95 % Sa0,), but in survivors, ROP
was reduced in infants with low oxygen saturation targets. In
the COT, neither ROP nor survival was affected.

Currently, the recommendation for oxygen level is still
unclear. Generally, low-birth-weight infants are maintained
at oxygen saturation levels in the high 80s or low 90s with
ventilators set to avoid frequent changes in oxygen in

response to variation in saturation levels [39]. Research is
needed to determine the best appropriate oxygen levels to
reduce the risk of severe ROP and optimize development of
other organs. In addition, studies in relevant animal models
can provide knowledge of signaling pathways that have been
altered by stresses associated with prematurity and lead to
targeted treatment to reduce specifically the risk of ROP.

Antioxidant therapies such as vitamin E and
D-penicillamine have been studied; however, results are
controversial to this point [40-45]. Early promising results
have been demonstrated in murine models involving triam-
cinolone [46] and 17-alpha-estradiol [47], a 5-alpha-reduc-
tase inhibitor. However, further studies are required.

1. Screening

Successful preventative treatment of ROP is predicated on
timely screening. Evaluation consists of pupil dilation and a
comprehensive fundus examination with scleral depression.
Monitoring the infant throughout the exam is essential as both
manipulation of the eye and the use of dilating drops can pro-
duce apnea or bradycardia. The American Academy of
Pediatrics (AAP) and the American Academy of
Ophthalmology (AAO) have joint recommendations for ROP
screening [48]. They recommend screening for all infants
with a birth weight <1,500 g or a gestational age (GA) of <
30 weeks and infants with a birth weight between 1,500 g and
2,000 g or a GA of more than 30 weeks whose clinical course
places them at increased risk for ROP. Since it is estimated
that less than 10 % of infants screened will require treatment
[49], models using various combinations of GA, birth weight,
postnatal weight gain, and serum IGF-1 levels to predict ROP
risk have been developed [50-55]. Validation studies show
that these models have potential but further validation is
needed prior to changes in screening recommendations.

The first examination should be performed prior to hospital
discharge at 4-6 weeks after birth or 31 weeks’ postmenstrual
age (PMA), whichever is later. Routine screening before 30
weeks” PMA is difficult as the cornea is hazy [56]. The AAP/
AAO recommend follow-up examinations at intervals of 1-3
weeks depending on the severity of disease evident. Exams are
continued until criteria for discontinuation are reached.

E. Treatment

The current recommendation is treatment be initiated for
ROP for those with type I ROP [48]. This recommendation is
based on the ETROP study [57], which reported that unfavor-
able visual outcomes can be reduced from 19.5 to 14.5 % and
unfavorable structural outcomes from 15.6 to 9.1 % at 9
months’ corrected age with early treatment. However, infants
in the early treatment group experienced more apnea and bra-
dycardia and required re-intubation more frequently. At 6
years of age, early treated eyes continued to have fewer
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unfavorable structural outcomes (8.9 % vs. 15.2 %) and rela-
tively preserved peripheral vision [58]. At 6 years, visual acu-
ity outcomes were no longer statistically superior in the early
treatment group (24.6 % vs. 29.0 % unfavorable); however,
subgroup analysis showed improved visual acuity for “higher-
risk” zone I prethreshold eyes in the early treatment group.
Additionally, a large retrospective review performed by Alme
et al. [59] in 2008 found a decrease in the incidence of retinal
detachment from 10.3 to 1.9 % with the change in guidelines.
This occurred even though this later study group had lower
birth weights and younger gestational ages, on average.
Current treatment options which are discussed in detail
below consist of ablation of avascular retina by laser photo-
coagulation, cryotherapy, or potentially the use of intravit-
real anti-vascular endothelial growth factor (VEGF) for
some zone I eyes. In general, laser therapy remains the treat-
ment of choice by ophthalmologists throughout the world.

1. Cryotherapy

Cryotherapy was the primary treatment of ROP for many
years but has now been largely replaced by laser photocoag-
ulation [60]. The benefit of cryotherapy was demonstrated in
the large multicenter trial CRYO-ROP. In this study, 291
infants with birth weights of less than 1,251 g who developed
threshold ROP were randomized to observation or treated
with cryotherapy within 72 h of diagnosis. Cryotherapy was
found to significantly decrease unfavorable outcomes (31 %
in treated vs. 51 % in observed), defined as posterior retinal
detachment, posterior retinal fold, or retrolental tissue that
obscured visualization of the posterior pole at 3 months. At
the 15-year follow-up, 254 survivors of the original study
[61] continued to have benefit with significantly fewer eyes
in the treated group having poor ocular structure, new retinal
folds, retinal detachments, and obstruction of the view of the
posterior pole (30 % treated vs. 52 % observed). Treated
eyes also demonstrated a lower incidence of poor visual acu-
ity, defined as 20/200 or worse (45 % treated vs. 64 %
observed). Cryotherapy is not as common now that laser
delivery with the indirect ophthalmoscope is possible.

2. Laser Photocoagulation
In the past 20 years, laser photocoagulation using the diode or
green laser on an indirect ophthalmoscope has almost com-
pletely replaced cryotherapy in the treatment for
ROP. Generally, laser is better tolerated than cryotherapy with
less conjunctival chemosis, inflammation, pain, or apnea and
bradycardia. Laser is applied to peripheral avascular retina
with gray to gray-white burns spaced one-half width apart,
completely filling the avascular retina from the ora serrata, up
to 360° [62]. Care should be taken to avoid “skip areas.”
Structural and visual outcomes suggest that laser photocoagu-
lation is superior to cryotherapy. Paysse et al. [63] retrospec-
tively compared 70 infants receiving laser treatment with 63
infants treated with cryotherapy at a single institution and

found that 88 % of the laser-treated group vs. 56 % of the cryo-
therapy-treated group had resolution of ROP. There was not a
statistically significant difference in cycloplegic refraction at 1
year. Visual acuity was better in the laser-treated group vs. the
cryotherapy-treated group (20/49 vs. 20/103). A 10-year fol-
low-up study of 44 eyes from 25 patients by Ng and associates
[64, 65] demonstrated that when compared to cryotherapy,
laser resulted in a better mean best-corrected visual acuity
(20/66 vs. 20/182), and these eyes were seven times less likely
to develop retinal dragging and developed less myopia (—4.48
vs. —7.65 diopters). These findings have been verified by other
studies including a Cochrane systematic review [60].

3. Pharmacotherapy
a. Bevacizumab

Recent studies have tested bevacizumab, an anti-VEGF
monoclonal antibody utilized in the treatment of many neo-
vascular eye conditions. Potential advantages to its use in
ROP include the ease of administration, rapidity of response,
and ability to use this treatment when corneal, lens, or vitre-
ous opacities preclude treatment with laser. Concerns exist
because dose and safety studies have not yet been performed
and intravitreally administered bevacizumab can enter the
systemic circulation and has also been shown to suppress sys-
temic VEGF levels for more than 2 weeks after a single intra-
ocular injection [67]. The potential effects on the development
of the kidneys, lungs, and brain remain unknown, but it is
possible that anti-VEGF may further compromise organs that
have reduced function because of the premature state.

A multicenter randomized trial by Mintz-Hittner and
associates [68] compared bevacizumab (0.625 mg in .025 mL
of solution) to conventional laser therapy in 150 infants with
stage 3+ ROP in zone I or posterior zone II. In this study,
bevacizumab was associated with decreased rates of recur-
rence (4 % vs. 22 %) and fewer structural abnormalities
(macular dragging and retinal detachment) at 1 year.
Specifically, among infants with zone I disease (with the
highest rate of treatment failure after conventional laser ther-
apy), the recurrence rate was 6 % in the intravitreal bevaci-
zumab subgroup vs. 42 % in the laser-treated group. The
differences in outcomes were not significant in infants with
posterior zone II disease. No systemic or local toxic effects
were observed; however, the study was too small to ade-
quately assess ocular and systemic safety, and the follow-up
period was only 54 weeks. A recent single institution study
by Hu and associates [69] demonstrated a later recurrence of
severe ROP on average than that seen with laser therapy, and
in one case recurrence occurred over 1 year later. The authors
of this study concluded that although intravitreal bevaci-
zumab treatment is effective in inducing regression of ROP,
the effect may be transient. In addition, the use of anti-VEGF
in an experimental model led to reduced body weight gain
and recurrent intravitreal neovascularization and activation
of angiogenic pathways that not only included VEGF but
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also erythropoietin, which is independent of VEGF signal-
ing, suggesting that treatment for recurrent neovasculariza-
tion with anti-VEGF may not be effective [70].

The AAP/AAQO guidelines [48] currently state that con-
sideration may be given to treatment of infants with zone I,
stage 3+ ROP with an intravitreal injection of bevacizumab—
however, only after a thorough discussion for informed
consent, since there remain unanswered questions involving
dosage, timing, safety, visual outcomes, and other long-term
effects. Bevacizumab is not FDA approved for the treatment
of ROP. The guidelines also advise weekly monitoring of
infants after injection until retinal vascularization is com-
pleted. The antibody fragment ranibizumab has a shorter
serum half-life in monkeys [71] (3.5 days vs. 12.3 days for
bevacizumab [72]) and may be an alternative for use in pre-
term infants, since bevacizumab reduced VEGF levels in
preterm infants for at least 2 weeks following a single intra-
vitreal dose [73]. A study in adults showed that ranibizumab
did not reduce serum VEGF levels, whereas intravitreal bev-
acizumab lowered serum levels [74]. However, in preterm
infants who have smaller blood volumes, a case report found
that VEGF levels were significantly reduced following intra-
vitreal ranibizumab; [75] thus, more study is needed.

b. Pharmacologic Vitreolysis
Pharmacologic vitreolysis [76, 77] is a new therapeutic
paradigm to alter the vitreous on a macromolecular level to
induce gel liquefaction and vitreoretinal dehiscence to
detach vitreous from the retina [see chapter VI.A. pharma-
cologic vitreolysis]. Some have suggested using forms of
plasmin (e.g., ocriplasmin) to cleave fibronectin and reduce
intravitreal neovascularization in stage 3 ROP or vasopro-
liferation in stage 4 ROP. However, using forms of plasmin
in stage 3 may not safely reduce intravitreal neovascular-
ization without affecting physiologic retinal vascular devel-
opment, because fibronectin and other components of the
extracellular matrix that are cleaved by plasmin, such as
laminin, are important in normal retinal vascular develop-
ment [78]. Inhibition of plasmin activity reduces intravit-
real neovascularization without adversely affecting
physiologic retinal vascular development in the oxygen-
induced retinopathy model in rats [79]. Therefore, using
plasmin to cleave the vitreoretinal interface may be coun-
terproductive in reducing intravitreal neovascularization
and may adversely affect retinal vascular development.
Using ocriplasmin in infant vitrectomy for stage 4 or 5 ROP
may hold promise by facilitating retinal reattachment in the
eyes that develop retinal breaks and recurrent retinal
detachments after ROP surgery [80]. Ocriplasmin is there-
fore being considered in pediatric retinal conditions that are
associated with retinal detachments [81] [see chapters
VIL.E.1. Pharmacologic vitreolysis with ocriplasmin: basic
science studies and VI.E.2. Pharmacologic vitreolysis with
plasmin: clinical studies.].

4. Treatment of Retinal Detachment

Laser treatment of avascular retina is effective in reducing
vascular activity and subsequent retinal detachment in a
majority of cases; however, one large study reported retinal
detachment in 14 % of the eyes 6—12 weeks after laser treat-
ment [82]. When ROP progresses to partial or total retinal
detachment, surgical intervention is undertaken to promote
retinal reattachment in the posterior pole, minimize distor-
tion, and preserve vision.

Scleral buckling (SB) and vitrectomy have been used with
some success to manage retinal detachments with ROP. One
study utilizing these methods demonstrated light perception
or better vision in 72 % of eyes with a visual acuity of 20/300
or better in 15 % [83]. Poor outcomes for all surgical inter-
ventions are predicted by the presence of plus disease, vitre-
ous haze, and continued neovascularization; [84] therefore,
treatment to reduce vascular activity is recommended before
proceeding with vitreous surgery. Scleral buckling involves
the placement of a silicone band around the eye, sometimes
with drainage of subretinal fluid. High degrees of myopia,
anisometropia, and amblyopia are associated with scleral
buckles [85]. Scleral buckles are the initial treatment for
rhegmatogenous detachments and can be used in cases with
limited tractional components located near or anterior to the
equator. Placement of a scleral buckle almost always neces-
sitates a second procedure 69 months later to remove the
band and allow the eye to grow.

Vitrectomy with or without a scleral buckle is considered
especially for posterior disease and many forms of tractional
detachments. A lens-sparing vitrectomy (LSV) allows for
the removal of the vitreous and any tractional membranes
present, thus enabling the retina to be reattached to the wall
of the eye. It also allows better visual development by retain-
ing the lens (Figure III.A-7). A direct comparison of stage 4
detachments repaired by vitrectomy vs. scleral buckle dem-
onstrated a 73 % reattachment rate for eyes treated with a
primary LSV vs. 31 % in eyes with a primary scleral buckle
[86]. Complications associated with LSV include retinal
tears, cataracts, and glaucoma. The incidence of cataract fol-
lowing an LSV varies between 5 and 15 % [87, 88].

lll. Persistent Fetal Vasculature

The hyaloid vasculature consists of the vasa hyaloidea pro-
pria, tunica vasculosa lentis, and pupillary membrane.
Hyaloid vessel development and regression are complex [see
chapter II.A. Development and developmental disorders of
vitreous failure can result in several ocular pathologies,
which are part of a spectrum known as persistent fetal vascu-
lature (PFV). The vasa hyaloidea propria is made up of the
hyaloid artery that enters the eye through the optic stalk and
its anterior branches that extend through the vitreous toward
the lens. The tunica vasculosa lentis is a capillary network
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Figure lll.A-7 Left rendering demonstrates location of ports in lens-sparing vitrectomy. Right rendering more clearly shows traction component
to retinal detachment. Removing this traction is key to successfully reattaching the retina
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Figure Ill.LA-8 Extensive anastomoses of fetal vasculature (Redrawn
based on Goldberg MF. Persistent fetal vasculature [PFV]: an integrated
interpretation of signs and symptoms associated with persistent primary
vitreous [PHPV]. LIV Edward Jackson Memorial Lecture [107]

that encompasses the posterior developing lens and connects
to the lens equator with the pupillary membrane, which cov-
ers the anterior lens capsule (Figure III.A-8). The hyaloid
artery first appears in humans during the fourth week of

gestation and peaks in prominence during approximately the
ninth week of gestation [89]. In early stages of development,
the retina and optic nerve lack blood vessel support and are
oxygenated by the choroidal and hyaloidal vessels [90-92].

As the eye enlarges and retinal angiogenesis ensues, hya-
loid vasculature regression occurs [93, 94]. The first ele-
ments to undergo regression are the vasa hyaloidea propria,
followed by the tunica vasculosa lentis and pupillary mem-
brane, and lastly the main hyaloid artery trunk. Cessation of
blood flow in the hyaloid artery is seen at roughly 7 months
and culminates with the involution of the entire hyaloid ves-
sel complex by approximately 36 weeks’ gestation [89, 95].
As the vascular structures regress, the primary vitreous
retracts, and collagen fibers with a ground substance of col-
lagen, fibronectin, laminin, and other extracellular matrix
components (but not hyaluronan) are produced to form the
secondary vitreous [see chapter II.A. Vitreous embryology].
By the sixth month of gestation, the posterior segment is
largely composed of the secondary vitreous, and the pri-
mary vitreous is reduced to a small central portion of the
posterior segment that extends from the optic disk to the
posterior lens surface and is referred to as Cloquet’s canal
(Figure II1.A-9).

PFV is the term used to describe the array of pathology
that results from failed involution of the primary vitreous and
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Figure IIl.LA-9 Artist’s rendering of longitudinal section of Cloquet’s
canal and the contained hyaloid artery. The condensation between primary
and secondary vitreous is seen forming the wall of Cloquet’s canal.
(adapted from Ida Mann [89], p. 174 — Figure 147)

regression of the fetal hyaloid vasculature [see chapters .D.
Proteomics of fetal hyaloid vasculature regression and
I.A. Vitreous embryology] involving the anterior or poste-
rior compartments of the eye. Mild changes from PFV com-
monly affect the eye; however, functional complications are
rare. Prior studies have estimated that 3 % of full-term infants
display some degree of PFV [96] and more than 90 % of
those born earlier than 36 weeks of gestation demonstrate
incomplete regression of the embryonic hyaloid vessel sys-
tem [97]. A recent review of individuals at one US institution
for the visually impaired found that 4.8 % of blind patients
had PFV [98]. Individual components of the fetal vasculature
often persist in combination with others; however, any ana-
tomically identifiable vascular remnant may present individ-
ually as well. When present in full-term infants, persistent
fetal intraocular vessels frequently are compatible with nor-
mal ocular and visual functions. However, more severe man-
ifestations of PFV can cause secondary abnormalities
resulting in defective physiology and decreased visual acu-
ity. Ancillary tests consisting of ultrasonography, fluorescein
angiography (FA), OCT, computed tomography (CT),
magnetic resonance imaging (MRI), electroretinography
(ERG), and visual evoked potential (VEP) can all be helpful
in evaluating PFV.

PFV can be classified as anterior or posterior depending
on the intraocular structures involved. The most common
complications are seen anteriorly and are frequently associ-
ated with abnormal regression of the tunica vasculosa lentis.
Common manifestations include cataract formation with
associated lens swelling and risk of induced angle closure
glaucoma. Frequently, engorgement of iris vessels, pain, and
microphthalmia are also present. Posterior PFV, most com-
monly associated with abnormal regression of the vasa hya-
loidea propria, is much less common. It presents with a
tractional retinal detachment and adherent preretinal mem-
branes emanating from a persistent stalk, which places trac-
tion on the retina. Accompanying retinal dysplasia and optic
nerve abnormalities can be seen. As with anterior PFV,
microphthalmia and leukokoria may be present.

A. Anterior Persistent Fetal Vasculature

1. Persistent Pupillary Membrane
Noted in approximately 95 % of healthy newborns, a persis-
tent pupillary membrane consists of fine vessels along the
pupillary margin. They are non-pathologic and almost always
disappear shortly after birth [99]. When associated with cata-
ract or retrolental membranes, they should clue the diagnosti-
cian to the possibility of other manifestations of PFV.

2. lIridohyaloid Blood Vessels

Iridohyaloid blood vessels connect the posterior tunica vas-
culosa lentis to the pupillary membrane vessels. Normal
regression of these vessels is required for the development of
the zonule at the equator of the lens [100]. The presence of
iridohyaloid vessels often manifests as a subtle pupillary
sphincter notch [101] or a prominent superficial iris vessel. A
severe manifestation would be ectopia lentis et pupillae
[102].

3. Mittendorf’s Dot
Mittendorf’s dot is a remnant of the primary vitreous that
corresponds to the location of previous junction of the hya-
loid artery to the tunica vasculosa lentis and is almost always
on the inferior and nasal posterior lens capsule. It is usually
asymptomatic and can be seen in 0.7-2 % of the population
[103] (Figure I11.A-10).

4. Muscae Volitantes
Latin for “flying flies,” muscae volitantes are vitreous rem-
nants of the regressed vasa hyaloidea propria [see chapter [.D.
Proteomics of fetal hyaloid vasculature regression]. They are
usually found floating in the anterior vitreous. Sometimes,
small corkscrew remnants are seen attached to the posterior
capsule. Associated visual symptoms are rare, but floaters
would be the only clinical manifestations [see chapter V.B.8.
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Figure lll.LA-10 Mittendorf’s dot — Mittendorf’s dot located on poste-
rior lens capsule at the site of the former anastomosis of the tunica
vasculosa lentis to the hyaloid vasculature. It is almost always located
inferonasally without associated visual dysfunction (Courtesy of Dr
Parag Shah)

Floaters and vision — current concepts and management
paradigms].

5. Retrolental Membrane

Associated with persistence of the posterior tunica vasculosa
lentis, these membranes are variable in presentation, ranging
from 1.0 mm to more extensive, covering the entire posterior
surface of the lens [104]. They result from fibrovascular tis-
sue that attaches to the ciliary processes and draws them to
the center of the pupil. They are most commonly seen with
corresponding radially oriented blood vessels that are seen
clearly on fluorescein angiography and distinguish PFV
from Coats disease, retinoblastoma, or stage 5
ROP. Frequently, abnormalities in lens development are also
present (Figure III.A-11).

B. Posterior Persistent Fetal Vasculature

1. Bergmeister’s Papilla
First described by Austrian Ophthalmologist O. Bergmeister,
Bergmeister’s papilla arises from the center of the optic disk
and consists of a small tuft of fibrous tissue that at one time
ensheathed the hyaloid artery.

2. Persistent Hyaloid Artery
Most commonly seen as a flaccid vascular remnant attached to
the posterior pole of the lens, this occurs when the hyaloid
artery fails to involute completely. Normally, the hyaloid artery
cleaves near its center, with both ends retracting and regressing
completely [105] [see chapter II.LA. Development and
Developmental Disorders of Vitreous]. Very rarely, the entire
hyaloid artery may persist from the optic nerve head and extend
to the posterior lens capsule or into the anterior vitreous with

Figure lll.LA-11 Prominent retrolental membrane obscuring the entire
visualized posterior lens capsule with associated iridohyaloid vessel
(Courtesy of Dr David Dries, Moran Eye Center)

branches of the vasa hyaloidea propria present. Rarely, a persis-
tent hyaloid artery is associated with vitreous hemorrhage.

3. Congenital Nonattachment

of the Retina and Retinal

Detachment
Retinal detachments have been noted in 56 % of patients
with PFV [106]. Two different mechanisms are believed to
contribute to retinal detachment. In the first, adhesion of the
primary vitreous and its blood vessels from one portion of
the optic cup prevents the secondary vitreous from forming
between the primary vitreous and the retina [107]. This
causes traction and detachment of the retina as the eye
enlarges. Later, a continuous stalk of hyaloidal tissue can be
seen to extend from the optic disk to the posterior lens or cili-
ary body. Contraction of the stalk or growth of the eye results
in tractional retinal detachment. In these cases the retina may
be adherent to the ciliary body, dragged centrally, or drawn
anteriorly and elevated around the optic nerve.

4. Globe Malformations
Microphthalmos and microcornea are two common malfor-
mations associated with PFV. However, variations in the size
and shape of the globe, cornea, or lens can be seen. In the
presence of leukokoria, corresponding microphthalmos or
microcornea can be helpful in diagnosing PFV.

5. Macular Abnormalities
Often subtle macular changes can be associated with poste-
rior PFV. Most commonly the result of traction, there is
failure of the foveal pit to develop and irregularities in retinal
layers can occur. Often these changes are noted on optical
coherence tomography (OCT).
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6. Optic Nerve Head Abnormalities
Optic nerve head hypoplasia and dysplasia are believed to
result from abnormal traction associated with PFV.

C. Genetics

Most cases of PFV are sporadic, but autosomal recessive
and autosomal dominant patterns of familial transmission
have been documented. Defects in the NDP and FZD4
genes have been identified in cases of unilateral and bilat-
eral PFV. These genes are also associated with familial
exudative vitreoretinopathy (see below) and Norrie dis-
ease. These genes are associated with the Wnt signaling
pathway, and experimental evidence exists to support Wnt
signaling in the development of PFV [108]. In addition,
mice with defects in genes, Atoh7 and Lamal, responsible
for the genesis of retinal ganglion cells, have a high inci-
dence of phenotypes similar to PFV [109, 110]. Also,
transgenic mice lacking tumor suppressor genes arf [111],
p53 [112], and frizzled-5 [113] or overexpressing vegf-
al88 [114] have also been shown to develop a PFV pheno-
type similar to human PFV. Finally, PFV has also been
reported in association with trisomies 13, 15, and 18. If
bilateral disease is suspected, Norrie disease and trisomy
13 should be ruled out. In general, infants presenting with
unilateral PFV and no other developmental anomalies are
not subjected to testing for other conditions unless other
symptoms are present.

D. Treatment of Persistent Fetal
Vasculature

Surgical intervention to clear media opacities, to relieve trac-
tional forces, or simply to preserve the globe from the natural
course of PFV can be helpful. In eyes with visual potential,
visual rehabilitation is important, and the need for careful
follow-up must be conveyed to parents. Studies have demon-
strated that the eyes with anterior disease have a greater
chance of achieving form vision than eyes with posterior
malformations. Posterior PFV, microphthalmia, glaucoma,
and amblyopia are known to limit visual acuity outcomes
even after aggressive intervention. In our experience, trac-
tional effects on the lens or retina due to a stalk can often be
relieved with surgical division of the stalk. This can release
traction and allow subsequent flattening of the retina, which
is particularly important as the eye lengthens during devel-
opment. In cases of cataract, a limbal-based surgical approach
is preferred to removal of the lens during vitrectomy, because
the pars plicata/pars plana area can be abnormal, and there is
risk of creating a tear in the peripheral retina when the media
are too cloudy for direct visualization. Also, the peripheral

retina can be drawn anteriorly into the retrolental membrane.
In cases with clear lenses, a pars plana/pars plicata approach
can be performed with careful examination of the ora serrata
to avoid injury to the retina. Relieving the traction on the
stalk is usually sufficient, and complete amputation of the
stalk is neither necessary to allow the retina to reattach nor
safe, since the peripapillary retina can also be drawn into the
stalk and tissue. Complete removal of the stalk may then lead
to retinal injury and inoperable retinal detachment. These
cases are complicated and often require expertise and train-
ing in the procedure.

IV. Familial Exudative Vitreoretinopathy

Familial exudative vitreoretinopathy (FEVR) is a vitreoreti-
nal dystrophy that was first described in 1969 by Criswick
and Schepens [115] when they noted retinal changes similar
to retinopathy of prematurity (ROP) in children and adoles-
cents who had no risk factors for ROP. They described bilat-
eral involvement, although often asymmetric, of peripheral
neovascularization with thick fibrovascular membranes
causing traction on the retina and distorting the macula and
optic disk. Some eyes were noted to develop peripheral sub-
retinal exudates with associated exudative and traction
retinal detachments. Since that time, many studies have iden-
tified tremendous variability in the presentation, course, and
even inheritance pattern of FEVR. When severe, FEVR can
be a lifelong retinal vascular disease with variable periods of
quiescence.

A. Clinical Presentation

Due to its rarity and many variable manifestations, the diag-
nosis of FEVR can be challenging and is likely underdiag-
nosed. FEVR has been described in all ethnic groups. In a
recent review by Ranchodetal [116], only 41/145 or 28 % of
patients referred to their practice with FEVR had been cor-
rectly diagnosed prior to referral. Many were misdiagnosed
as having unspecified retinal detachment, persistent fetal
vasculature syndrome (PFV), ROP, retinal folds, or Coats
disease. Of note, the average age at presentation for patients
in this study was 6 years. Young patients with FEVR can also
be referred with a diagnosis of leukokoria, poor vision, retro-
lental plaque, strabismus associated with a positive angle
Kappa, cataract, or even premacular membrane with pucker.
Other diseases not already mentioned that should be consid-
ered in the differential diagnosis of FEVR include the Norrie
disease, retinoblastoma, incontinentia pigmenti, sickle cell
disease, and toxocariasis.

FEVR can present with various combinations of macular
dragging, radial retinal folds, retinal neovascularization, pre-
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Figure lll.LA-12 A 10-year-old female presented with vitreous hemor-
rhage. Following clearing of the hemorrhage, fibrovascular changes
were noted with traction on the retina and preretinal hemorrhages
(Optos)

retinal vitreous organization, vitreous hemorrhage, tractional
retinal detachment, and subretinal exudation [117]
(Figure III.A-12). The most prominent feature is the abrupt
cessation of peripheral retinal vessels, commonly at the
temporal equator; however, they can extend 360° [118].
These vessels take on a scalloped pattern that is often referred
to as a “brush border” when seen on fluorescein angiography
and frequently demonstrate vascular buds at the junction of
avascular and vascularized retina. Subretinal exudates are
often present and can be massive resembling the Coats dis-
ease. Partial or total retinal detachment due to exudative and
fibrovascular proliferative tractional forces can be seen.
Miyakubo et al. [119] and van Nouhuys [120] noted that
approximately 20 % of patients with FEVR developed reti-
nal detachments and almost all within the first decade of life.
Benson [117] noted that children presenting in the first 3
years of life had a worse prognosis than those presenting
later in life. In his review of FEVR, Trese [121] also noted a
poor prognosis in infants presenting in the first year of life.
The presence of bilateral findings can also be helpful in the
diagnosis of FEVR. Pendergast [122] reported that 85 % of
eyes had bilateral involvement in FEVR and only 15 % had
unilateral involvement.

B. Clinical Classification

Different systems have been used to classify FEVR. The
mostrecently recommended system parallels the International
Classification of Retinopathy of Prematurity ICROP) guide-
lines with five stages ranging from avascular retina to total
retinal detachment [121]. They are defined as:

Stage 1: Avascular periphery

Stage 2: Retinal neovascularization
2A Without exudates
2B With exudates

Stage 3: Extramacular retinal detachment
3A Without exudates
3B With exudates

Stage 4: Macula-involving retinal detachment, subtotal
4A Without exudates
4B With exudates

Stage 5: Total retinal detachment

C. Genetics

The most common mode of inheritance of FEVR is autosomal
dominant (AD); however, many individuals with autosomal
dominant FEVR are asymptomatic due to reduced penetrance.
In addition, there are known lines of X-linked and autosomal
recessive inheritance, as well. In the review by Ranchod et al.
[116], 18 % of patients had a diagnosed family history of
FEVR upon referral and 37 % had histories consistent with
FEVR but had not been diagnosed. Mutations in one of three
genes are known to be responsible for the autosomal domi-
nant FEVR. FZD4 encoding the protein frizzled-4, LRP5
encoding low-density lipoprotein receptor-related protein 5,
and TSPANI2 encoding tetraspanin-12 are responsible for
fewer than 50 % of autosomal dominant FEVR cases. Another
locus, EVR3, has been mapped, but the gene is unknown at
this time. Molecular genetic testing for mutations in FZD4,
LRPS5, and TSPANI?2 is available at this writing. However,
more than 50 % of the time, a known genetic mutation will
not be detected in patients presenting with clinical features of
FEVR. NDP encoding the Norrie disease protein is associated
with X-linked inheritance, and LRPS5 is also associated with
autosomal recessive inheritance [123]. Genetic counseling
can be very helpful as offspring of a patient with autosomal
dominant FEVR will have a 50 % risk of inheriting the muta-
tion, and prenatal testing is currently available. Molecular
genetic testing should begin with the sequence analysis of
FZD4; if the pathologic mutation is not identified, then
sequence analysis of LRPS and then TSPANI2 should be per-
formed in that order. All genes associated with AD FEVR
have not been identified, so failure to identify a mutation in
the above genes does not rule out the diagnosis.

1. Ancillary Testing
The diagnosis of FEVR is based on typical clinical findings
in the absence of prematurity or other risks of ROP. A posi-
tive family history is helpful. In suspicious cases of asymp-
tomatic stage 1 or 2 FEVR, examination of parents, siblings,
and children can help in the diagnosis. Shukla et al. [124]
noted in a review that 41 % of patients with FEVR were in
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Figure lll.LA-13 Left eye of patient in Figure III.A-12. Note the leak-
age of capillaries at the junction of vascular and avascular retina (Optos)

the mild end of the spectrum with normal vision and only a
sector of peripheral retinal avascularity noted. Wide-angle
fluorescein angiography is helpful to identify avascular
retina and vascular abnormalities that may be otherwise
missed. Depending on patient cooperation, this can be per-
formed in clinic or while under anesthesia for an examina-
tion. Contrasts between peripheral avascular and vascularized
retinas are clearly highlighted with fluorescein angiography,
and characteristic straightening of peripheral vessels in a
“brush border” pattern can be identified. Fluorescein angiog-
raphy is very useful to detect the vascular/avascular junction
and identify leakage of capillaries (Figure III.A-13). ERG
changes other than possible mild reductions in b-wave ampli-
tude are not seen with FEVR.

2. Systemic Associations
Individuals with AD FEVR and mutations in LRP5 have
been noted to have reduced bone mass [125]. This does not
appear with other forms of FEVR. Reduced bone mass is
often only evident upon examination with dual x-ray absorp-
tiometry and leaves affected patients predisposed to
fractures.

D. Treatment

As noted with many vitreoretinopathies, early intervention
often results in better vision for patients. Screening with
wide angle fluorescein angiography of family members of
patients with known disease is important as is the need to
emphasize that the course of FEVR can wax and wane, and
lifelong follow-up is pivotal. Currently, we recommend treat-
ing the peripheral avascular retina of stage 2 or greater FEVR
with near-confluent laser to the avascular retina, regardless

Figure lll.LA-14 Fluorescein angiogram of same eye as Figure II1.A-12
after vitrectomy and extensive laser applied over multiple sessions to
treat recurring vitreous hemorrhages (RetCam Image, Clarity). Persistent
avascular retina extends to fovea

of whether exudates are present (Figure II.A-14). In
addition, FEVR may progress with new capillary involve-
ment resulting in avascular retina later in life. Therefore,
until more is known about this condition, patients should be
examined regularly throughout their lives.

Vitreous plays a major role in the pathogenesis of FEVR
and, specifically, often leads to formation of retinal folds or trac-
tion retinal detachment through firm attachment of the posterior
vitreous cortex to the retina. With this in mind, vitrectomy might
be useful in the eyes with severe FEVR [118, 122, 126, 127].
Ikeda et al. [126] noted in their case series that peripheral vitreo-
retinal adhesions overlying avascular retina caused iatrogenic
breaks during surgery in 22 of 28 eyes. In all their cases, biman-
ual technique with vitreous scissors and forceps was required to
dissect the posterior vitreous cortex from the retinal surface.
Vitrectomy was then combined with a lensectomy and scleral
buckle placement to help relieve residual vitreoretinal traction.
Utilizing these techniques, they successfully reattached the ret-
ina in 86 % of cases and improved visual acuity in 71 %. Others
report success using similar bimanual techniques for vitrec-
tomy, but reserving the scleral buckle for eyes with a rheg-
matogenous component to their retinal detachment [122, 128].
However, vitreous is very adherent to the retina in youth, and
care must be exercised to avoid creating retinal breaks.

Recent reports advocate using autologous plasmin to assist
with pharmacologic vitreolysis [129, 130] [see chapters VL.D.1.
Pharmacologic vitreolysis with plasmin: basic science studies
and VI.D.2. Pharmacologic vitreolysis with plasmin: clinical
studies. Pharmacologic vitreolysis with plasmin]. Wu et al.
[130] noted that a combination of reduced suction and a high
cutting rate made it possible to remove sheets of vitreous off the
retina but that a clean retinal surface was almost impossible to
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Figure Ill.LA-15 Demonstration of new-onset iris neovascularization
which occurred ~6 weeks following intravitreal anti-VEGF injection in
a child with FEVR who had previously been treated with lens-sparing
vitrectomy and extensive ablation of peripheral avascular retina

achieve by mechanical dissection only. They propose that plas-
min can remove vitreous from the retinal surface and silicone
oil can then be used to stabilize the eye by providing long-term
tamponade and reducing the stimulus for vascular leakage. As
described above, promising results have been seen recently in
the treatment of some forms of ROP with injection of forms of
anti-vascular endothelial growth factor (anti-VEGF) agents to
reduce abnormal neovascularization. Anti-VEGF agents have
been reported for a patient with vitreous hemorrhage and neo-
vascularization attributed to FEVR [131]. However, in our
experience, new-onset iris neovascularization can occur in eyes
treated with intravitreal anti-VEGF (personal observation,
MEH 01/13) (Figure III.A-15). Therefore, much further study
is needed before recommending anti-VEGF at this point.

1. FEVRTreatment Outcomes

It can be difficult to accurately quantify successful surgical
outcomes in FEVR due to its progressive nature and associ-
ated periods of waxing and waning. Success rates of retinal
reattachment range from 96 to 63 % [118, 122, 126-128].
Some authors feel that silicone oil decreases the frequency of
recurrence and may be considered in eyes that have previously
undergone vitrectomy and still show signs of activity [121].

Abbreviations

AAO American Academy of Ophthalmology

AAP American Academy of Pediatrics

AD Autosomal dominant

APROP Aggressive posterior retinopathy of
prematurity

CRYO-ROP Cryotherapy for Retinopathy of
Prematurity
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CT Computed tomography

ERG Electroretinography

ETROP Early Treatment for Retinopathy of
Prematurity

FA Fluorescein angiography

FEVR Familial exudative vitreoretinopathy

GA Gestational age

ICROP International classification for retinopa-
thy of prematurity

IGF-1 Insulin-like growth factor-1

LSV Lens-sparing vitrectomy

MRI Magnetic resonance imaging

OCT Optical coherence tomography

PFV Persistent fetal vasculature

PMA Postmenstrual age

ROP Retinopathy of prematurity

SB Scleral buckling

STOP-ROP  Supplemental therapeutic oxygen for
prethreshold retinopathy of prematurity

VEGF Vascular endothelial growth factor

VEP Visual evoked potential
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