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This textbook on pediatric retina is our effort to provide an overview of the state-of the-art 
management for pediatric retina patients. We hope that it is both practical and easy to under-
stand. In this 33 chapters, grouped into two major sections, we tried to cover the essence in the 
understanding, diagnosis, and management of pediatric retina diseases. We hope this book will 
be a handy guide for the ophthalmic surgeons at all levels, from the novice, the occasional 
caregiver for the pediatric retina patients, to the expert leaders in this field.

Our aim is not only to cover the medical aspects but also to explore the surgical advances of 
these diseases, as well as not only just the clinical presentations but also the basic theory and 
hypotheses of the diseases, such as understanding of the foveal development.

Pediatric retina is a not only a challenging field but also a lonely one. It is a specialty that 
has received little attention in the past, but has been gaining traction recently. However, we all 
know how important this field is, because it affects the vision of newborns and growing chil-
dren. As physicians, we also know how time-consuming and difficult it can be to deal with a 
child patient.

Recognizing the cliché “kids are not small adults,” the anatomy, pathophysiology, and man-
agement philosophy in kids are very different from those in adults. In addition, their visual 
system is still developing. Therefore, while handling these cases especially during surgery, the 
surgical settings, the instruments used, and the surgical goals are very dissimilar from those of 
adults. Without such knowledge, a doctor can actually do far more harm than good for this 
unique population of pediatric patients.

In the past, there were very few people focusing on work related to this topic. Most of us 
work “part-time” in this field, thinking of it as a burden and praying that each case is the last. 
There were very few surgical instruments available for these small children. There are barely 
any dedicated textbooks available. Relevant topics at conferences were also scant. As a result, 
the surgical outcomes have been unsatisfactory, due to a lack of dedicated doctors, proper 
instruments, proper training, and information. But gradually, with the efforts of pioneers such 
as Dr. Mary Elizabeth Hartnett on the pathophysiology of ROP using animal models [1–3], Dr. 
Michael Trese in the vitrectomy for Stage 4 and 5 ROP [4–6], Dr. William V Good in the work 
of early treatment of ROP [7, 8], and Dr. HA Mintz-Hittner on “Bevacizumab Eliminates the 
Angiogenic Threat” (BEAT ROP) [9], we have seen much improved understanding and out-
comes in the recent management of ROP patients. Young doctors may feel encouraged by the 
improved outcomes of the patients. Access to knowledge and information about pediatric ret-
ina has made significant strides; there are an increasing number of panels and symposia related 
to pediatric retina at the major international conferences. The industry has also started to pay 
more attention to this field. For instance, the launching of vitrectomies for the pediatric popula-
tion (e.g., 25 + Short, Alcon), specifically designed for tiny eyes with thick vitreous and a thin 
sclera, is making ROP surgery safer.

We would like to express our sincere appreciation for the huge efforts from these world- 
renowned experts in contributing to this special issue. We are extremely lucky to know these 
scholars, great teachers, and close friends. We feel like standing on the shoulder of many giants 
so we could see much further and learn so much faster with their help. Dr. Lam and I also owe 
a great debt of gratitude to the professional team from Springer, especially the project 
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 coordinator, Miss Kripa Guruprasad. Without their professional assistance, it would be impos-
sible to achieve this remarkable outcome.

There are not many reference textbooks on pediatric retina. We hope this will be the one that 
people love to read and reference. For the young ophthalmologists or those new in this field, 
we hope they could get a good picture of this special subspecialty with the help of these con-
tributing authors. If our readers could pick up some useful points for their practice in pediatric 
retina, it will be our joy and honor to see the changes this book has brought about. Finally, we 
hope to see more and more devoted young doctors get inspired to “fall in love” with this field 
and act as an invigorating force to propel this specialty into a better future in the care of the 
children.
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When I was a resident in ophthalmology, I could never dream of the career path I had for the 
next two decades: to focus on the research in pediatric retina. More often, I pictured myself to 
be a wealthy local medical doctor practicing an easy ophthalmic clinic. At that time, when I 
had to see the ROP patients in the NICU, I always felt this was a job that is not very pleasant, 
even painful because nobody could give me good guidance. I was like being thrown to the sea 
before learning how to swim. I was panicking because of the lack of support and proper guid-
ance. Later, I was lucky to perform a couple of cases of laser photocoagulation in the NICU 
with a senior doctor. I felt happy to see the very positive effect after laser treatment for the 
patients. Then I was “assigned” to become a doctor specialized in this field by my retina sec-
tion chief, Prof. Chi-Chun Lai, at that time. That have dramatically changed my life. That was 
a turning point for me because I have never seen any surgery for ROP associated with retinal 
detachment, including vitrectomy or scleral buckling. How could I start from ground zero?

I know I could not learn this knowledge by myself. I had to find a great teacher to guide me. 
I have heard of Dr. Michael Trese, who started vitrectomy for these premature babies with 
severe ROP, a giant in this field. But I did not have any connection nor my colleagues. How 
could I approach him?

I handed in my CV to Dr. Trese at an ARVO meeting after a pediatric retina session. I tried 
to chat with him about my admiration for him and expressed my hope to learn from him. But 
then I did not hear back from him for a couple of months. During those time, I was thinking, 
perhaps they did not like me and I might have to find somewhere else. One day, I got an email 
from Dr. Kimberly Drenser, saying they had a research fellow spot for me and asked if I could 
take it? I was exuberant in saying yes! Thank God! Later, I realized that it was Prof. Lai who 
contacted Prof. Stanley Chang, the teacher of Prof. Lai, who had helped to reach out to Dr. 
Trese to land the position. I owed Prof. Lai and Chang for their generous support.

At Associated Retinal Consultants (ARC), I was extremely lucky to learn from Dr. Michael 
Trese, Dr. Antonio Capone, and Dr. Kimberly Drenser. Please forgive my subjectivity, I think 
they are the best teachers in pediatric retina you could think of on this planet. Besides, you 
could also learn the best adult retina management from Dr. George Williams, MD. I really felt 
I could reach the sky because I was standing on the shoulder of these giants! Thanks so much 
for my teachers’ teaching.

So, with their help and introduction, I was able to meet these world-class experts in this 
field. Most of them are the contributing authors of this book. I am extremely lucky to work 
with them and learn from their knowledge. From my close observation, the doctors who are 
interested in pediatric retina are all special people with a kind heart and mind.

Finally, I would like to thank my families for their unwavering support. My parents, my 
wife, and my son are my pillars. It is a bit selfish to say: with their support, I have the luxury 
to do a lot of projects, including this one, without needing to worry about the things at home. 
I am deeply indebted to them.

—Wei-Chi Wu
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It was a couple of years ago, during one of the international meetings, I met up with Dr Wei-
Chi Wu. I believe we were presenting at one of the pediatric retina sessions. He was all excited 
to share the news that Springer has approached him to prepare a book on pediatric retina. He 
asked me to join him to do that together. I agreed on the spot without any hesitation. We then 
embarked on this wonderful journey together. This has been a journey of learning and excite-
ments. His tireless effort to follow up with each and every author and his unwavering determi-
nation have made this project from a dream to reality. I am so thankful to have this opportunity 
to work with Wei-Chi.

I also want to thank Springer Nature and especially the projector coordinator Ms. Kripa 
Guruprasad for their support and guidance.

Of course, we are not only grateful but very much in debt to all the contributing authors for 
sharing their passion of knowledge, insights, expertise, and their personal collection of great 
illustrative pictures….

My children, Dawn and Alexander, are my inspiration for working on this book. I am so 
fortunate to have two healthy children, who constantly remind me the importance of what we 
do toward the well-being of our pediatric patients and their parents.

Finally, I want to thank my wife who is my soulmate and support. She is always there by 
my side supporting my every decision whether sensible or not. She has made everything pos-
sible and worthwhile.
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The Pathophysiology of Retinopathy 
of Prematurity

M. Elizabeth Hartnett

Abstract

The pathophysiology of retinopathy of prematurity (ROP) 
is evolving as advances in prenatal care allow extremely 
premature infants to survive. In addition, throughout the 
world, there is variability in the presentations of ROP. In 
regions that lack resources to support prenatal and perina-
tal care, ROP develops in infants of older gestational ages 
and larger birth weights and has potentially different 
pathophysiologic factors. This chapter will review the 
pathophysiology of ROP and factors involved in the pre-
sentation of ROP based on what is known through clinical 
studies and from experimental studies using animal mod-
els of oxygen-induced retinopathy (OIR), which are criti-
cal to study molecular mechanisms and cell–cell 
interactions. Although the main areas involve clinical 
study, it is impossible to discuss pathophysiology without 
including evidence from the most representative animal 
models of oxygen-induced retinopathy (OIR) and other 
models adapted to study maternal–fetal interactions. 
Understanding the role of vascular endothelial growth 
factor (VEGF) in the physiology of retinal and vascular 
development and survival and the pathology in stage 3 
and plus disease of ROP is important in discussing patho-
physiology. Thoughts regarding areas of future study will 
be briefly described.

Keywords

Retinal angiogenesis · Pathophysiology of ROP  
Vascular endothelial growth factor (VEGF) · Reactive 
oxygen · Oxidative stress · Erythropoietin · ROP phases  
Angiogenesis · Oxygen fluctuations · IGF-1

1.1  Introduction

ROP occurs because of a delay in physiologic retinal vascu-
lar development (PRVD) and damage to newly developed 
retinal vasculature often from high supplemental oxygen or 
other oxygen stresses. The initial two-phased hypothesis 
proposed by Ashton described oxygen-induced damage to 
newly developed retinal capillaries, called vaso-obliteration 
in Phase I [1]. Infants who survived premature birth during 
Ashton’s time were only about 2 months premature so their 
retinas and retinal vasculature were more developed than 
premature infants at risk of treatment-warranted ROP today, 
who are born 3 or more months premature. In addition, at the 
time of Ashton, little was known about the effects of oxygen. 
Later clinical trials by Patz and Kinsey provided evidence of 
the damage to newly formed capillaries from high oxygen at 
birth [2, 3]. Today, however, the original Phase I “vaso- 
obliteration” no longer is accurate. Rather Phase I is better 
described as compromised physiologic vascularity and 
delayed physiologic retinal vascular development (PRVD), 
and both increase avascular retina. Although only the periph-
eral avascular retina is appreciated clinically on retinal 
examinations with indirect ophthalmoscopy or with retinal 
imaging using contact fundus cameras (see also Chap. 8). 
The peripheral avascular retina is described by the 
International Classification of ROP by zones [4]. Avascular 
areas within already vascularized retina are noted as reduced 
capillary density in experimental models but likely to be 
undetected on most clinical evaluations unless fluorescein 
angiography is performed [5, 6]. Once an infant is removed 
from high supplemental oxygen, then avascular retinal areas 
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become hypoxic and cells within the retina are stimulated to 
express angiogenic growth factors. However, instead of 
causing angiogenesis to grow into the retina, it grows into the 
vitreous. This Phase II, vasoproliferation, leads to common 
causes of vision loss from ensuing retinal detachment or 
dragging of the retina.

The original two-phased hypothesis is based on animal 
models of oxygen-induced retinopathy (OIR). However, the 
current clinical stages of ROP (Fig. 1.1) have necessitated 
that the original hypothesis be refined (Fig. 1.2) [7, 8]. No 
longer is high oxygen at birth the main cause of ROP, but 
rather it is recognized that other stresses, including fluctua-
tions in oxygenation are important [9]. Animal models will 
be covered extensively in Chap. 2. It must be emphasized 
that the most representative models of ROP are OIR models 
in the rat and beagle, but these species require newer tech-
niques to study molecular mechanisms. The mouse OIR 
model may not be as representative of the oxygen stresses or 
of common presentations of ROP but it provides greater ease 
in testing molecular mechanisms through the use of knock-
out or transgenic mice. Nonetheless, all animal models share 
the limitation of using full-term newborn animals that 
develop retinal vasculature after birth. Therefore, as with any 
translational study of human pathophysiology, it is necessary 
to integrate evidence from multiple sources when developing 
a hypothesis.

In humans, there is a third phase of fibrovascular retinal 
detachment (Fig. 1.1) that is not well modeled in most ani-
mals (Fig. 1.2). Most treatment strategies have been to treat 
treatment-warranted, vascularly active ROP with stage 3 and 
plus disease [10, 11] to prevent retinal detachment, clinically 
known as stages 4 and 5 ROP.  However, there are other 
causes of vision loss in premature infants beside retinal 
detachment. As premature infants survive at younger gesta-
tional ages, the vascular beds of the choroid or retina and 
retinal neurons and glia are incompletely developed [12]. 
Neural connections within the retina are also incomplete, 
and the interactions among neural, glial, and vascular cells 
and signaling cascades can affect physiologic function. 
Infants born at gestational ages below 28 weeks who never 
developed ROP have been shown to have reduced ERG func-
tions at age 6 [13, 14], suggesting that extremely preterm 
birth itself affects the retina and visual function. Finally, pre-
maturity can also cause cortical visual impairment, which 
broadly includes connections through the brain to the occipi-
tal cortex and can affect visual acuity and function.

Genetic studies have not found any variant associated 
with severe ROP, but many studies have been regional and 
studies have had small sample sizes [15, 16]. Infant charac-
teristics also vary across studies and this can affect outcomes. 
If infants enrolled have already survived extreme premature 
birth, genetic variants associated with severe ROP in less 

Fig. 1.1 ROP is characterized by zone of vascular development and 
the stage of disease. There are five stages. The stages relate to phases of 
OIR.  Stages 1 and 2 ROP relate to Phase I OIR with compromised 
physiologic vascularity and delayed physiologic retinal vascular devel-
opment (delayed PRVD). Stage 3 ROP relates to Phase II OIR with 
vasoproliferation in the form of intravitreal neovascularization, clini-
cally known as Stage 3 ROP. Stage 1 has a line between the vascular-

ized and avascular retina. Stage 2 has a thickened ridge. Stage 3 has 
intravitreal neovascularization and Stage 4 has a partial retinal detach-
ment. Stage 5 is a total retinal detachment and may appear like a white 
pupil in an infant eye (not shown). Drawing by James Gilman CRA, 
FOPS. Adapted from Hartnett ME. Pathophysiology and mechanisms of 
severe retinopathy of prematurity. Ophthalmology 2015;122:200–210, 
Figure 1

M. E. Hartnett
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hardy infants may not be present and, therefore, not be 
detected. One example from the Neonatal Research Network 
in the US tested blood spots from infants born <1000 g and 
discovered variants in brain-derived neurotrophic factor 
(BDNF) associated with severe ROP. Other studies in larger 
and older premature infants did not find BDNF variants 
involved. On the other hand, several factors have been 
reported associated with ROP in the Wnt signaling pathway 
[17, 18]. Such variants can also cause the variably expressed 
condition, familial exudative vitreoretinopathy (FEVR). 
FEVR is classically described as occurring in full-term 
infants but there can be overlap with ROP if infants with 
FEVR are born prematurely [19]. Evidence suggests that 
premature infants with known Wnt variants should be moni-
tored for severe forms of ROP [18].

1.2  Pathophysiology Associated 
with Reduced Vascularity in Phase I 
and Events Leading into Phase II

Early clinical trials provided evidence that high oxygen at 
birth was associated with the loss of newly developed capil-
laries. Since then, efforts are made to avoid high oxygen at 
birth. However, in regions with insufficient resources to reg-
ulate or monitor oxygen, high oxygen-induced retinopathy 
has been reported [20].

There are maternal–fetal interactions that are believed to 
affect ROP.  Infants at risk of developing ROP are usually 
born before the third trimester of gestation when maternal 
factors are transferred through the placenta to the fetus. 
Therefore, the premature infant has no benefit of maternally 

Fig. 1.2 The original two-phase hypothesis of ROP was based on ani-
mal models of oxygen-induced retinopathy OIR in kittens. The most 
often used models today are in mouse and rat. The rat OIR model is 
more representative of the pathophysiology of human. The mouse OIR 
model is easier to test genetic mechanisms involved in high oxygen- 
induced injury to newly formed capillaries. Phase I and Phase II are 

shown for both OIR models. Yellow lines depict avascular nonperfused 
retina in Phases I and II OIR. Drawing by James Gilman CRA, FOPS. 
Adapted from Hartnett ME. Pathophysiology and mechanisms of severe 
retinopathy of prematurity. Ophthalmology 2015;122:200–210, 
Figure 2
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derived factors and is often unable to produce them (Fig. 1.1). 
In addition, the process of premature birth is associated with 
the generation of oxidative compounds, but the premature 
infant has insufficient ability to quench reactive oxygen spe-
cies. Generation of reactive oxygen species, particularly 
through the enzyme, NADPH oxidase, has been associated 
with vascular cell death in experimental models and in larger 
areas of peripheral avascular retina in Phase I [21]. 
Antioxidant treatment in experimental OIR models have 
reduced avascular retina [22, 23]. However, clinical studies 
have not shown a reduction in ROP, rather it has been associ-
ated with increased risks of sepsis in the use of exogenous 
vitamin E [24]. Deficiency of some compounds are believed 
to be involved in the pathophysiology of Phase I by not being 
available to promote angiogenesis or tissue protection, 
including insulin-like growth factor 1 [25], omega-3 fatty 
acids [26], erythropoietin (EPO) [27], lutein [28], and 
hypoxia-inducible factors [29] (Fig. 1.3). Studies are ongo-
ing to determine if these factors would promote PRVD or 
protect newly developed capillaries from high oxygen and 
other stresses. However, current clinical trials have not led to 
definitive recommendations [28, 30].

1.2.1  Postnatal Growth and IGF-1

Poor postnatal growth has been associated with lower zone 
and worse ROP, and poor postnatal growth has become a bio-
marker for ROP [31, 32]. However, it remains unknown if 
interventions to improve growth will affect the development 
of ROP. Infant growth has been linked to IGF-1 levels and 
ROP [33, 34]. A hypothesis was developed based on the find-
ings that premature infant IGF-1 levels fall rapidly after birth 
and remain low compared to in utero levels (Fig. 1.1). IGF-1 
has been experimentally shown to permit VEGF to be angio-
genic and have protective mechanisms against oxygen- 
induced retinopathy [25, 35, 36]. A recent multicenter phase 
2 clinical trial tested the effect from an infusion of IGF-1/
IGF-BP3 versus standard care to reduce ROP but did not find 
a reduction in ROP or an increase in infant growth parame-
ters [37]. However, only 28 of 61 infants achieved target 
goals of serum IGF-1 levels. Nonetheless, there was a reduc-
tion in severe levels of bronchopulmonary dysplasia in 
treated infants compared to those with standard care, and 
more studies may provide greater sample size, optimized 
drug delivery, and additional information.

1.2.2  Oxygen

Besides early oxygen studies [2, 3, 38], a number of studies 
have been done regionally testing varying oxygen levels. The 
Supplemental Therapeutic Oxygen for Prethreshold ROP 

found no benefit or harm on the progression of prethreshold 
ROP in 96–99% oxygen saturations compared to 89–94% 
[39]. Several recent multicenter clinical trials have tested low 
oxygen saturation targets on the risk of ROP. The Surfactant, 
Positive Pressure, and Oxygenation Randomized Trial 
(SUPPORT) and the Benefits of Oxygen Saturation Targeting 
II (BOOSTII) trials found a lower oxygenation target of 
85–89% are associated with decreased ROP but also 
increased mortality compared to infants with a higher target 
of 91–95% [40, 41]. The Canadian Oxygen Trial did not find 
these associations [42].

Fluctuations in oxygenation have been associated with 
ROP clinically and in experimental models, most notably the 
rat OIR model [9]. Experimentally, there are several patho-
physiologic events that occur in the retina in association with 

a

b

Fig. 1.3 Diagrams showing (a) the effects of high oxygen on damage 
of newly developed blood vessels and on reducing hypoxia-inducible 
factors, both of which lead to Phase I compromised physiologic vascu-
larity and delay in physiologic retinal vascular development. Activation 
of VEGF/VEGFR2 disorders angiogenesis and interferes with PRVD in 
Phase I. (b) Fluctuations in oxygen that increase the generation of reac-
tive oxygen species and lead to hypoxia-inducible factors while hypoxic 
avascular retina from Phase I can trigger VEGF expression when the 
infant is weaned from supplemental high oxygen. These events lead to 
vasoproliferation in Phase II.  Activation of the transcription factor, 
STAT3, specifically in retinal endothelial cells by VEGF/VEGFR2 sig-
naling contributes to vasoproliferation, but does not interfere with 
PRVD. Drawing by James Gilman CRA, FOPS

M. E. Hartnett
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oxygen fluctuations (Fig. 1.3). There is differential expres-
sion of VEGF splice variants, specifically greater expression 
of the prevalent VEGF164/165 variant that is most com-
monly found in pathologic angiogenesis in retinal diseases, 
compared to hypoxia alone [43]. There is also activation of 
the enzyme NADPH oxidase that generates ROS and triggers 
signaling events that lead to the death of vascular cells in 
Phase I [21] and to intravitreal neovascularization in Phase II 
[44]. In addition, intermittent hypoxemic episodes have been 
associated with treatment-warranted ROP [45, 46]. Some 
neonatologists recommend testing the effects of low oxygen 
saturation targets early followed by higher SaO2 targets 
when ROP develops or at an older post-gestational age 
[47–49].

1.2.3  Light

The initial Light ROP study tested the effect of goggles to 
reduce ambient light to preterm infants upon birth on the risk 
of ROP, but there was no difference compared to control 
[50]. Experimental studies in mice reported that more light 
even through the abdomens of pregnant dams was important 
for physiologic intraretinal vascular development through a 
melanopsin dependent signaling pathway in the fetus [51]. 
Subsequent clinical studies have also suggested that higher 
average day length was associated with lower risk of severe 
ROP [52]. There is current interest in circadian studies on 
cycled light and the idea that infants might have better retinal 
vascular development and less severe ROP if kept on a circa-
dian rhythm within neonatal nurseries, rather than be shel-
tered from light during daytime.

1.2.4  Erythropoietin and Role of Stress- 
Induced Factors in Infant

Erythropoietin has additional properties besides its role as a 
hematopoietic hormone, including in neuronal and tissue pro-
tection and angiogenesis [53]. The effect is believed to depend 
on the dimerization between the erythropoietin receptor 
(EPOR) and other receptors including the beta-common 
receptor (CD131) subunit for tissue-protective effects or the 
VEGFR2 receptor for angiogenesis [54]. EPO has been asso-
ciated with the stabilization of vessels in Phase I but also with 
vascular activity in Phase II [27, 55]. Difficulty in experimen-
tal studies has been due to the inconsistency of EPO receptor 
(EPOR) antibodies that identify the location of the receptor in 
various tissues. Experimental studies are ongoing, but clinical 
studies have not identified the EPO promoter variant related 
to diabetic retinopathy to be present in infants with ROP [56]. 
Clinical trials testing supplemented EPO or derivatives for 

protection have not resulted in clear recommendations regard-
ing ROP [57]. The Preterm Erythropoietin Neuroprotection 
Trial (PENUT) did not increased risk of ROP. Experimental 
data has also led to the interesting premise that stress due to 
conditions surrounding prematurity may induce protective 
mechanisms that support vascularization of the retina during 
Phase I in certain animals [58]. Additional studies to identify 
such protective pathways are warranted.

1.3  Pathophysiology Related to Phase II

1.3.1  Vascular Endothelial Growth Factor 
Signaling

Aberrant angiogenesis manifesting as growth of blood ves-
sels into the vitreous rather than into the retina is a hallmark 
of treatment-warranted ROP.  Although a number of angio-
genic factors are associated with aberrant angiogenesis, the 
one that has been studied the most and is likely a causative 
factor in treatment-warranted ROP is vascular endothelial 
growth factor (VEGF). VEGF is expressed as a result of 
hypoxia or reactive oxygen species, both stresses are associ-
ated with ROP, and there are feed-forward loops that can 
drive pathologic angiogenic signaling. VEGF-induced activa-
tion of receptor 2 (VEGFR2) causes disordered developmen-
tal growth of dividing endothelial cells allowing them to grow 
on top of one another into the vitreous rather than into the 
retina to extend vasculature to the ora serrata (Fig.  1.3). 
Experimental and clinical evidence has supported the hypoth-
esis that overactive VEGF/VEGFR2 signaling causes intra-
vitreal stage 3 and interferes with PRVD in ROP. (VEGF/
VEGFR2 activation of the transcription factor, signal trans-
ducer, and activator of transcription 3 (STAT3) contributes to 
intravitreal neovascularization, but does not interfere with 
PRVD.) (Fig. 1.3) Neutralizing antibodies delivered into the 
vitreous that bind VEGF inhibited stage 3 ROP and extended 
physiologic retinal vascularization [59–61]. Additional 
experimental evidence using similar antibodies that bind rat 
VEGF in the rat OIR model has reduced the dilation of retinal 
veins and tortuosity of retinal arterioles, reducing plus disease 
[62]. Knockdown of VEGFR2 specifically in retinal endothe-
lial cells using a novel gene therapy approach has reduced 
intravitreal neovascularization and extended physiologic reti-
nal vascularization in the rat OIR model [63].

However, the molecular mechanisms and roles of other 
receptors are still being discerned as is the understanding of 
inhibition of VEGF ligand and its potential adverse effect to 
the developing stressed retina that has been found using 
experimental models [64]. In addition, neural guidance mol-
ecules and the role of glial, neural, and vascular interactions 
have been and are being studied [65].
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1.3.2  Reactive Oxygen Species

Reactive oxygen species generated through the enzyme, 
NADPH oxidase, may affect Phase II through several signal-
ing pathways [44, 63]. However, to date, the only interven-
tions that have reduced vasoproliferation in Phase II are 
strategies to inhibit VEGF signaling.
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Animal Models of Retinopathy 
of Prematurity
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Abstract

Retinopathy of prematurity (ROP) is a leading cause of 
blindness in preterm infants. It is a biphasic disease char-
acterized by an initial phase of arrested vascular growth 
caused by hyperoxia exposure and loss of maternal–fetal 
interaction, followed by a second phase of hypoxia- 
induced neovascularization, which may lead to retinal 
detachment and vision loss. Animal models of ROP are 
crucial for studying the cellular and molecular mecha-
nisms underlying ROP pathogenesis and for the develop-
ment of potential therapeutics. Early animal models of 
oxygen-induced ROP were developed in the 1950s in 
multiple species including feline, canine, and murine, 
after the recognition of supplemental oxygen use as a risk 
factor. Refined mouse and rat models of oxygen-induced 
retinopathy were modernized in the 1990s with standard-
ized oxygen protocols and improved methods for assess-
ing retinopathy severity. More recently, murine models of 
hyperglycemia-associated neonatal retinopathy were 
developed to mimic neonatal hyperglycemia, a newly 
identified ROP risk factor. This chapter summarizes the 
basic concepts, advantages, and limitations of animal 
models of ROP, with a focus on the most widely used 
mouse model of oxygen-induced retinopathy.
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2.1  Introduction

Retinopathy of prematurity (ROP), a potentially blinding 
disorder caused by abnormal retinal blood vessel growth 
affecting premature infants, was first reported as “retrolental 
fibroplasia” by Theodore L. Terry during its epidemic in the 
1940s [1]. In the 1930s and 1940s, oxygen administration 
became a common practice in neonatal care to improve the 
health of preterm infants with underdeveloped pulmonary 
function [2, 3]. The epidemic of ROP and ROP-associated 
blindness soon followed in the 1940s and early 1950s [4], 
which led to the recognition that unrestricted supplemental 
oxygen therapy was associated with ROP risk, as initially 
suggested by Kate Campbell [5] and confirmed by subse-
quent studies [6, 7]. This discovery of oxygen use as a key 
risk factor for ROP enabled early development of animal 
models of ROP in the 1950s. These models recapitulated the 
detrimental vascular effects of excess oxygen on retinal vas-
cular growth in feline, canine, and murine pups, although 
inconsistencies remained. Modernization of murine ROP 
models in the 1990s [8, 9] standardized the protocols of oxy-
gen exposure and methods for evaluation of ROP severity. 
Combined with the availability of genetically manipulated 
mice, these newer models greatly advanced research investi-
gating the molecular basis of ROP pathogenesis and the 
development of potential therapeutics.

Decades of clinical and experimental ROP research have 
led to the consensus that ROP is a biphasic disease consisting 
of an initial phase of incomplete retinal vessel growth fol-
lowed by a second phase of hypoxia-driven pathologic vessel 
proliferation [10–12]. Unlike full-term infants whose retinal 
vessels are almost completely developed, infants born pre-
maturely have incompletely developed retinal vasculature 
with a peripheral avascular zone. After premature birth, the 
development of retinal vessels is delayed by the relatively 
hyperoxic postnatal room air environment (compared with in 
utero) and further worsened by the supplemental oxygen 
therapy. The first phase of ROP occurs between birth and 
approximately 30–32 weeks postmenstrual age. As the infant 
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matures, the peripheral avascular retina becomes increas-
ingly metabolically active, leading to tissue ischemia and 
hypoxia, which is often exacerbated by the termination of 
oxygen therapy [13–16]. Hypoxia stimulates upregulation of 
pro-angiogenic growth factors, such as vascular endothelial 
growth factor (VEGF) and erythropoietin (EPO), leading to 
uncontrolled vascular growth into the vitreous, occurring at 
the junction of avascularized and vascularized retina, and, in 
severe cases, tractional retinal detachment and blindness 
[10–12]. The second phase of ROP begins around 
32–34 weeks postmenstrual age. Both ROP phases can be 
closely mimicked in the animal models of oxygen-induced 
retinopathy (OIR) to allow investigation on the mechanisms 
of vaso-obliteration, vascular regeneration, and pathological 
neovascularization processes.

Unlike humans, in whom retinal vessels develop fully 
before birth, in animal models of feline, canine, and rodent, 
retinal vessels develop and mature postnatally [16, 17]. 
Therefore, although these oxygen-induced ROP models 
reproduce the essential vascular features of ROP, they model 
only the oxygen influence without taking into account the 
prematurity itself, which is challenging to model in utero. 
Factors related to prematurity, such as essential fatty acids 
and insulin-like growth factors (provided in the third trimes-
ter in utero and often decreased or missing after premature 
birth), are commonly investigated experimentally using sup-
plemental treatments in the OIR model [18, 19]. As addi-
tional risk factors (such as neonatal hyperglycemia, a 
common problem in extremely preterm infants) have been 
associated with severe ROP [20–23], new murine models of 
neonatal hyperglycemia-associated retinopathy [24, 25] have 
also been generated recently. This chapter mainly reviews 
the historical development of ROP models and focuses 
 primarily on the most commonly used mouse and rat models 
[8, 9], with a brief discussion of hyperglycemia-associated 
neonatal retinopathy models [24, 25].

2.2  Experimental Models of ROP

The OIR models have been valuable tools with which to 
explore the role of oxygen and oxygen-related factors in the 
pathogenesis of ROP.  These models were developed by 
exposing newborn experimental animals, including feline 
[26], murine [8, 9], canine [27–29], and piscine (fish) [30], to 
constantly high or cycling high and low oxygen environ-
ments. These animal models of OIR reproduce both the ini-
tial vaso-obliteration phase and subsequent ischemia- and 
hypoxia-induced neovascularization phase, resembling ROP 
in humans. Due to their simplicity in the induction of patho-
logical neovessels and the ease of monitoring and quantifica-
tion, the animal models of OIR are widely used for studying 
the mechanisms and evaluating new therapeutics for treating 

the sight-threatening neovascularization in ROP and other 
ischemic proliferative retinopathies, albeit the consistency 
and reproducibility of neovascularization vary across differ-
ent species.

2.2.1  Early Animal Models of OIR: The Feline 
and Canine Models

In light of the clinical observations linking oxygen with ROP, 
in the early 1950s Ashton et al. exposed kittens to 70–80% of 
oxygen for at least 4 days, causing retinal vascular closure 
and obliteration, then returned them to ambient air (21% 
oxygen), resulting in hypoxia-induced vaso-proliferation 
[26, 31]. This feline model of OIR is one of the earliest 
experimental models establishing the effects of altering oxy-
gen concentration on retinal vascular development [16, 26]. 
The model successfully mimics the early stages of ROP 
closely and characterizes both the vaso-obliterative and the 
vaso- proliferative phases.

Attempts at using the canine OIR model for studying 
ROP were made at about the same time, in which the first 
model was developed by Patz’s group, to determine the 
effects of oxygen on the  immature retinal vasculature in 
puppies [29, 32], and modified in subsequent studies [27, 28, 
33]. Beagle puppies were exposed to 95–100% of oxygen for 
4  days to induce retinopathy. Similar to the kitten model, 
exposure to hyperoxia arrests the retinal vascular develop-
ment, causing vaso-obliteration. After moving the puppies 
from hyperoxia back to room air, the resultant relative 
hypoxia leads to the vaso-proliferative stage [27, 34]. In 
addition, retinal detachment, which can be observed in the 
late, severe stage of human ROP, occurs in the canine but not 
feline or murine OIR model. Whereas feline and canine 
models are still occasionally used, achieving a statistically 
significant number of animals can be challenging. Usage of 
OIR models in mice and rats has been much more common, 
largely due to the standardization of the murine models and 
genetic manipulation in mice since the 1990s.

2.2.2  The Mouse Model of OIR

2.2.2.1  Postnatal Development of Mouse Retinal 
Vasculature

Mouse retinal vascular development follows similar mor-
phological patterns as in humans [17, 35]. A major differ-
ence is the temporally delayed nature of retinal angiogenesis 
and neuron maturation in mice. In a human fetus, the retinal 
vasculature develops relatively early during the second tri-
mester, whereas in mice it does not begin to develop until 
after birth [17, 36, 37]. Therefore, human full-term infants 
are born with mostly mature retinal vasculature while neona-
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tal mice possess underdeveloped vasculature in the eyes in 
the first few postnatal weeks, allowing studies of physiologi-
cal and pathological retinal angiogenesis. The development 
of the mouse retinal vasculature starts with sprouting from 
the optic nerve head, parallel to the regression of hyaloid 
vasculature. The hyaloid vasculature is a transient circula-

tory system providing oxygen and nutrient to the developing 
lens and inner retina as well as the primary vitreous in 
embryonic eyes [38–40]. During the first postnatal week, the 
retinal vessels expand radially, forming the superficial vascu-
lar plexus; the hyaloid vasculature starts to degenerate at the 
same time (Fig. 2.1a) [40]. From the second week onward, 

a

b

Fig. 2.1 Postnatal development of mouse retina vasculature. (a) 
Development of mouse retinal vessels occurs postnatally. The upper 
panels illustrate cross-section diagrams of mouse eyes with developing 
superficial retinal vascular plexus (Sup; indicated in red) from postnatal 
day (P) 1 to 7, parallel to regression of hyaloid vasculature (indicated in 
light red), which is a transient embryonic vascular bed providing blood 
supply to the developing eye. The lower panels are representative 
images of the retinal flat mounts from C57BL/6J mice. The vasculature 
was stained with isolectin (red). At P1, the mouse retina is nearly devoid 
of blood vessels. Originating from the optic nerve head (white arrow-
heads), the superficial vascular plexus extends radially from the central 
retina and reaches the peripheral retina by the end of the first week of 
postnatal development. (b) Development of the deep and intermediate 
vascular plexus in mouse retina occurs from the second week postna-
tally onward. The upper panels are cartoons of eye cross-sections over-

viewing the organization of three retinal layers (at P7, P12, and P21) 
during the development of superficial, intermediate, and deep vascular 
layers. The lower panels are schematic images of retinal cross-sections 
showing the maturation process of the three retinal vascular plexuses 
(in red). During the first postnatal week, the superficial plexus reaches 
out to the edge of the peripheral retina. From the second week onward, 
the superficial vascular plexus starts to grow perpendicularly into the 
retina to form the deep vascular plexus between the INL and ONL, 
which is fully developed at P12. Further growth and maturation of the 
intermediate plexus continue between the GCL and INL and are mostly 
complete by P21. Deep, deep retinal vessels; GCL, ganglion cell layer; 
INL, inner nuclear layer; Int, intermediate retinal vessel; IS/OS, inner 
segment/outer segment of photoreceptors; ONL, outer nuclear layer; 
Sup, superficial retinal vessels. The retinal flat mount images in panel a 
were adapted and reprinted with permission from Stahl et al. [17]
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the superficial capillaries grow perpendicularly into the inner 
retina, forming the deep and then the intermediate vascular 
plexuses (Fig. 2.1b). By the end of the third postnatal week, 
a complete retinal vasculature is developed, and hyaloid ves-
sels are mostly regressed [37]. During this period, especially 
in the first week, the immature retinal vasculature and rem-
nant hyaloid vessels in neonatal mouse pups resemble those 
of preterm human infants, having a largely avascular retina 
and highly susceptible to oxygen-induced retinopathy [17].

2.2.2.2  The Mouse OIR Model
In the 1950s, around the same time as the studies in the kitten 
OIR model, pathologic features resembling ROP were 
reported in mouse retinas exposed to high oxygen conditions 
[29, 41]. Subsequent studies in mice further examined the 
effects of varying oxygen conditions on reproducing ROP- 
like pathological ocular characteristics [42, 43], providing 
insights that helped shape the current standardized OIR 
models.

Coupled with advanced technology in the visualization of 
retinal vasculature, uniform and thorough assessment of 
 retinopathy severity, as well as the advantage of genetic 
manipulation in mice, the current mouse model of OIR 
described by Smith et al. in the 1990s is one of the most com-
monly used OIR models [9, 44]. In this model, neonatal mice 
are exposed to 75% ± 2% of oxygen for 5 days starting at 
postnatal day (P) 7, followed by 5 days in room air starting 
from P12 to P17 (Fig. 2.2a). Hyperoxia conditions from P7 
to P12 result in central retinal vessel regression, leading to 
vaso- obliteration and mimicking the initial stage of ROP. The 
maximal amount of vessel loss is observed at P9, followed 
by slow revascularization into the vaso-obliterated areas [45, 
46]. After returning to room air at P12, the retinal areas with 
vaso-obliteration become ischemic and hypoxic, leading to 
stimulation of hypoxia-induced pro-angiogenic factors, such 
as VEGF and EPO, resulting in both physiological revascu-
larization of the vaso-obliteration area and also uncontrolled 
compensatory pathological neovascularization (Fig.  2.2b), 
resembling the proliferative stage of human ROP [9, 47–50]. 
These pathological neovessels, also known as preretinal 
tufts, are disorganized, small-caliber clumps of neovascular-
ization growing at the border between vascular and avascular 
areas and protruding intravitreally (Fig. 2.2c, d). At P17, the 
typical endpoint of this mouse model, the extent of patho-
logical neovessels reaches the maximal severity and is also 
accompanied by increased vascular leakage and breakdown 
of the blood–retinal barrier. After P17, abnormal preretinal 
neovascularization starts gradual regression spontaneously 
and completely disappears by about P25 [44].

The mouse retinal vasculature can be visualized by fluo-
rescent angiography, which highlights the lumen of blood 
vessels, or (more efficiently) by staining with blood vessel 
markers such as isolectin in retinal flat mounts. Both meth-

ods allow for easy quantification of pathological vascular 
features with computer-aided imaging software. Both vaso- 
obliteration and neovascularization levels can be quantified 
as a percentage of total retinal areas in flat mounts [44, 51]. 
Moreover, preretinal neovascular tufts protruding into the 
vitreous cavity can also be visualized and quantified in cross- 
sections of eyes [9] (Fig. 2.2d). Vascular permeability can be 
visualized using fluorescent angiography and quantified by 
Miles assay [51–55]. Delayed retinal neuronal development 
or retinal thinning also occurs in OIR, mostly in the inner 
retina. Overall, the accessibility of genetic manipulation and 
the consistent and reliable induction of neovascularization 
make the mouse OIR model a popular one for studying ROP 
pathogenesis. In addition, OIR is a reliable model for the 
proliferative aspect of diabetic retinopathy and useful for 
investigating other diseases related to abnormal 
neovascularization.

The mouse OIR model reproduces vaso-obliteration and 
neovascularization consistently, contributing to its broad use 
in ROP research. Yet one limitation is that the area of vaso- 
obliteration locates in the central part of the retinas, unlike 
the peripheral avascular regions in humans. This geographic 
localization of the peripheral avascular region is recapitu-
lated better in the rat OIR model with cycling oxygen expo-
sure. In addition, there are strain-dependent differences in 
mouse angiogenic response and hence OIR susceptibility 
[56, 57]. In general, 129S strains with mixed background are 
more angiogenic and show higher levels of neovascular 
response in OIR than inbred C57BL/6 strains do, and the 
albino BALB/cByJ strain is even less angiogenic than 
C57BL/6. Moreover, vender-related substrain differences in 
OIR neovascularization may also exist, even within the same 
strain [17]. These strain considerations need to be taken into 
account when choosing appropriate OIR mouse strains.

Another important consideration for interpreting the OIR 
phenotype is postnatal weight gain of mouse pups during 
OIR.  Postnatal weight gain is a reliable predictor for the 
severity of clinical ROP in infants [58–60]. Similarly, in the 
mouse OIR model, pups with poor postnatal weight gain 
(<5 g at P17) reveal dampened vascular response and pro-
longed phase of retinopathy compared with medium postna-
tal weight gain (5  g-7.5  g at P17) and extensive postnatal 
weight gain (>7.5  g at P17) pups [61]. Monitoring mouse 
weight gain and keeping them in the normal range is neces-
sary for proper interpretation of OIR data. Runty pups (<5 g) 
with poor OIR responses should be excluded from data anal-
ysis. Other factors, such as the hypoxic effect on lactating 
mothers [42, 62], may affect maternal care of pups and the 
susceptibility and severity of the OIR phenotype, hence sur-
rogate mouse mothers may be used when needed.

The mouse OIR model greatly facilitated the investigation 
of various molecular pathways in developmental and patho-
logical retinal angiogenesis, particularly the discovery of 
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VEGF’s role in retinopathy. By utilizing the mouse OIR 
model, previous pioneering studies demonstrated that VEGF 
induces pathologic retinal neovascularizaion [49] and that 
inhibition of VEGF suppresses retinal neovascularization in 
the OIR mouse eyes [48]. This work, together with studies in 
other ocular angiogenesis animal models [63–66], laid the 
experimental foundation for developing current anti-VEGF 
therapies to treat neovascular age-related macular degenera-

tion and ROP. Besides VEGF, other angiogenic factors, such 
as EPO [47, 50, 67] and additional signaling pathways, are 
extensively studied in the OIR model. In addition, factors 
critical in the third trimester and deficient after preterm birth, 
such as insulin-like growth factors and omega-3 polyunsatu-
rated fatty acids [18, 19], have also been evaluated utilizing 
the mouse OIR model (which demonstrated that supplement-
ing these factors is beneficial).
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Fig. 2.2 The mouse model of oxygen-induced retinopathy (OIR). (a) 
A schematic diagram illustrates the procedure of mouse OIR. Neonatal 
litters are exposed to 75% ± 2% oxygen from P7-P12. Hyperoxia sup-
presses retinal vascular development and leads to the regression of 
existing immature retinal vessels, resulting in a central zone of vaso- 
obliteration. At P12, mice are returned to room air, and the relative 
hypoxia triggers vessel regrowth toward the vaso-obliteration zone as 
well as pathological neovascularization at the border between the vas-
cular and avascular areas. The levels of neovascularization reach maxi-
mum severity at P17. (b) Representative images of retinal flat mounts 
with isolectin staining (red) in the normoxic and OIR retinas show the 
normal retinal vasculature at P7 (left panel), vaso-obliteration at P12 
(middle panel; the area of vessel loss is outlined in white), and patho-

logic neovascularization at P17 (right panel; the vessel loss area is out-
lined with a white dashed line). Scale Bar: 1 mm. (c) Magnified images 
of isolectin-stained retinal flat mounts show the normal vasculature (left 
panel) from normoxia mice and pathological neovessels in the OIR 
mouse at P17. Right panel image was enlarged from the rectangular 
region in (b). (d) Cross- sections of mouse retinas with normoxia (left 
panel) and OIR (right panel) at P17. The sprouting neovascular tufts 
(arrows) in the OIR mouse arise from the superficial retinal vascular 
layer and protrude into the vitreous. GCL, ganglion cell layer; INL, 
inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear 
layer; OPL, outer plexiform layer. Figure was adapted and reprinted 
with permission from Liu et al. [36]
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2.2.3  The Rat Model of OIR

The rat model of ROP was first demonstrated by Patz [16] in 
1954. In that study, newborn rats were exposed to a constant 
level of high oxygen concentration (60–80%), resulting in 
preretinal neovascularization [16]. Subsequent studies using 
rats exposed to hyperoxia conditions also demonstrated 
abnormal vaso-proliferation with varying inconsistencies 
[68, 69]. Over the years, investigators explored and revised 
protocols for modeling human ROP in more efficient exper-
iment settings [70–72]. Clinical studies revealed that, 
besides continuous oxygen supplement, oxygen fluctuation 
also contributes to the incidence of severe ROP [73, 74]. 
The partial pressure of dissolved arterial oxygen may fluctu-
ate very quickly in premature infants, leading to the alter-
nating occurrence of severe and extended hyperoxemia and 
hypoxemia [73], which in turn may lead to a higher risk of 
developing ROP.  Based on these observations, Penn and 
colleagues developed the current rat model, which utilizes 
alternating hyperoxia–hypoxia cycles, in which the oxygen 
levels cycle between 50% and 10% every 24 hours for the 
first 14  days after birth followed by room air exposure 
through P20 [8, 11, 75] (Fig. 2.3). This rat model recreates 
oxygen tension fluctuation, which mirrors varying oxygen 
levels measured in preterm infants developing severe ROP 
[11], whereas in the mouse model the oxygen level remains 
constant during continuous oxygen exposure. Exposure to 
cycling levels of oxygen retards the retinal vascular devel-
opment, leading to a peripheral avascular zone mimicking 
human ROP. After returning to room air, neovascular tufts 
grow at the boundary between vascular and avascular areas 
in the mid-peripheral retina. One main advantage of the rat 
OIR model lies in its clinically relevant feature of ROP—
delayed development of retinal vasculature followed by 
pathologic neovascularization. The vaso-obliteration pheno-
type in the rat OIR model is highly reminiscent of the 
peripheral avascular zone observed in human ROP, whereas 
in the mouse model it is the central retinal vessels that are 
obliterated [76, 77]. Disadvantages of the rat model include 
lack of genetically modified animals, stain- dependent varia-
tion in response, and relatively inconsistent and low levels 
of neovascularization, which together limit its use in evalu-
ating antiangiogenic therapies.

2.2.4  The Zebrafish Model

The zebrafish, albeit not directly relevant for clinical ROP, is 
an alternative model for studying angiogenesis-dependent 
ocular diseases and drug screening [78]. An adult zebrafish 
model of hypoxia-induced retinopathy was generated [30, 

79], utilizing blood vessel-specific stable fluorescent reporter 
transgenic zebrafish [80, 81]. When placed in a hypoxic 
aquarium with 10% air saturation (820 parts per billion) for 
3–12 days, new retinal vessel sprouts reached a plateau of 
maximal angiogenic responses at day 12 [30, 79]. 
Subsequently, an embryonic model of ROP was also devel-
oped using hypoxia-inducing chemical agents to stimulate 
abnormal retinal angiogenesis in zebrafish embryos [82].

2.2.5  Hyperglycemia-Associated ROP Models

Neonatal hyperglycemia, common in extremely preterm 
infants, has been recognized as an ROP risk factor [20–23]. 
Neonatal hyperglycemia often occurs in preterm infants 
receiving glucose infusion and is related to incomplete sup-
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Fig. 2.3 The rat model of oxygen-induced retinopathy (OIR). (a) A 
schematic illustrates the rat OIR regimen, the 50/10 model. This model 
exposes neonatal rat litters to alternating 24-hour periods of 50% and 
10% oxygen from P0 to P14. After 14 days of variable oxygen, rats are 
returned to room air (21% oxygen), inducing the development of neo-
vascularization. (b) Representative retinal flat mount images of nor-
moxic and the 50/10 OIR rat retinas. Retinas were collected from P18 
normal (left panel) and OIR (right panel) rats followed by isolectin- 
staining to visualize the vasculature. Rat retinas with OIR show delayed 
vascular development in the peripheral area with a vaso-obliterated 
zone and neovascularization at the boundary of vascular and avascular 
areas. Panel b: Image courtesy of Dr. James D. Akula, Boston Children’s 
Hospital, Harvard Medical School, Boston, MA, USA
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pression of hepatic glucose production after infusion, inade-
quate pancreatic beta-cell response, and insulin insensitivity 
[83–86]. A hyperglycemia-associated retinopathy model was 
generated in neonatal rats by using a single injection of 
streptozotocin (STZ) at P1 [24]. Sustained hyperglycemia 
was induced rapidly from P2/3 to P6, and retinal angiogen-
esis is inhibited, with associated inflammatory response and 
inner retinal neuron degeneration within 2 weeks postnatally 
[24]. Recently, a similar mouse model of hyperglycemia- 
associated ROP was developed with daily injections of STZ 
from P1 to P9. Hyperglycemia was induced at P8, followed 
by delayed deep layer retinal vessel growth and photorecep-
tor dysfunction [25]. Together these models recapitulate 
delayed vascular development of ROP and may help eluci-
date the mechanisms of hyperglycemia-induced retinal dam-
age in ROP.

2.3  Summary

ROP remains a leading cause of visual impairment and a 
challenge in neonatology worldwide. Animal models of ROP 
have evolved over the past several decades with vast amounts 
of research efforts directed toward better understanding of 
the pathogenesis of ROP, especially in the mechanisms gov-
erning retinal angiogenesis. The establishment of different 
experimental models allows investigators to explore the roles 
that many influencing factors (e.g., oxygen, light conditions, 
and hyperglycemia) play in ROP development. For instance, 
studies from the early feline, canine, and murine models of 
ROP provided compelling evidence that high levels of oxy-
gen promoted obliteration of blood vessels in the developing 
retina [29, 69], suggesting the importance of titrating and 
close monitoring of exogenous oxygen administration to the 
preterm infants. Insights on an essential role of VEGF in 
ROP development were also derived from studies in OIR 
models, which facilitated the development of current anti- 
VEGF therapies.

Among several different species, the mouse model of OIR 
is the most representative model for studying ROP and other 
ocular diseases involving hypoxia-induced angiogenesis. As 
of December 2018, there are more than 700 PubMed publi-
cations using the mouse OIR model of ROP. These studies 
reflect the broad value of the mouse OIR model for studying 
mechanisms underlying pathological angiogenesis in retinal 
and tissue ischemia, including the roles of growth factors, 
fatty acids, inflammation, signaling cascades, metabolic and 
transcriptional regulation, and regulatory non-coding RNAs 
on ROP.  In addition, the mouse OIR model, with its fast 
induction of consistent neovascularization, is also exten-
sively used in evaluating antiangiogenic drugs, to facilitate 
the development of new therapies for ROP and other vascu-
lar eye disorders.
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Evolution of Major Clinical Trials in ROP

Supalert Prakhunhungsit and Audina M. Berrocal

Abstract

Retinopathy of prematurity (ROP) is a vasoproliferative 
disorder occurring in premature infants’ retinas. With the 
advances in neonatal care in recent years, ophthalmolo-
gists are increasingly encountering premature babies, 
who have higher risks of developing ROP. The occurrence 
and severity of ROP depend on several factors, which 
have been reported by various clinical trials. This chapter 
demonstrates the evolution of several aspects of major 
clinical trials in ROP, including its treatment, the role of 
oxygen in ROP development, and the roles of light and 
nutrients in ROP.

Keyword

Retinopathy of prematurity · Clinical trials · Treatment  
Oxygen · Light

3.1  Major Clinical Trials: ROP Treatment 
(Summary in Table 3.1)

3.1.1  The Multicenter Trial of Cryotherapy 
for ROP (CRYO-ROP) [1–5]

CRYO-ROP was one of the major trials in ROP, and most of 
the current clinical understanding of ROP derives from that 
study. This multicenter, randomized control trial of cryother-

apy for the treatment of ROP aimed to evaluate the efficacy 
and safety of the treatment in preventing serious sequelae of 
ROP in very-low-birth-weight infants. The study registered 
9751 infants with a birth weight of less than 1251  g. The 
patients were then screened for the development of threshold 
disease; this was defined as five or more contiguous, or eight 
cumulative, clock hours of stage 3 ROP in zone 1 or 2, in the 
presence of plus disease. In all, 291 patients were included in 
the final cohort. Two hundred and forty eyes were classified 
as symmetric cases, in which both eyes developed threshold 
ROP. In this group, one eye was randomized to receive cryo-
therapy while the other eye was observed as a control. The 
remaining 51 eyes were in the asymmetric group, and only 
the eyes that developed threshold ROP were included in the 
study and randomized to either cryotherapy or observation.

If cryotherapy was assigned, it was performed within 72 h 
and prior to the development of stage 4A ROP. Usually, a 
conjunctival incision was not required. Cryotherapy was 
then started at the ora serrata, followed by more-posterior 
applications. The cryotherapy applications were contiguous 
and single, with an endpoint of the sudden whitening of the 
retina; this equated to approximately 2–3 s of freeze time. All 
avascular retina anterior to the ROP ridge was treated. When 
there were skipped or untreated areas with a persistence of 
plus disease, retreatment was performed. The outcomes were 
measured by the development of unfavorable outcomes (pos-
terior retinal detachment, retinal fold involving macula, or 
retrolental tissue).

Overall, approximately 82% of the patients had a symmetric 
disease, and 11 cases needed retreatment with cryotherapy. In 
the third month after treatment, 31.1% of the eyes that received 
treatment developed unfavorable outcomes, versus 51.4% of the 
control eyes; this represented a risk reduction of approximately 
40%. No major complications were found. As this result sup-
ported the efficacy of cryotherapy in reducing the risk of unfa-
vorable outcomes from threshold ROP, cryotherapy was 
subsequently recommended for both eyes with stage 3+ ROP in 
zone 1. The report of CRYO-ROP at 5.5 years was the first study 
from CRYO- ROP to demonstrate the functional outcomes of 
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these groups of patients. The data revealed that the eyes that 
were treated with cryotherapy were much less likely to be blind; 
instead, they tended to have visual acuity ranging from 20/60 to 
20/200. The risk of unfavorable functional outcomes was 
decreased from 61.7% in the control eyes to 47.1% in the treated 
eyes (P < 0.005). Anatomically, the outcomes showed a reduc-
tion in the unfavorable outcomes in the treated versus control 
eyes (26.9% vs 45.4%, respectively; P < 0.001). In the tenth 
year after treatment, 247 patients were being monitored. 
Functionally, 44.4% of the treated eyes had a visual acuity of 
20/200 or worse, compared to 62.1% for the control eyes 
(P  <  0.001). In addition, the total retinal detachment rate 
remained the same as the 5-year result (22.0%). In the fifteenth 
year, 30% of the treated eyes developed unfavorable structural 
outcomes, compared with 51.9% of the control eyes (P < 0.001). 
Unfavorable visual acuity outcomes were found in 44.7% of the 
treated group, compared to 64.3% of the control eyes.

In conclusion, the CRYO-ROP results support the long- 
term efficacy and safety of cryotherapy in the treatment of 
threshold ROP.  However, the treated patients still experi-
enced a high rate of unfavorable functional and structural 
outcomes after treatment with cryotherapy when the patients 
were monitored to the last follow-up point.

3.1.2  Cryotherapy Versus Laser 
Photocoagulation [6, 7]

Randomized control trials were conducted by Connolly et al. 
and included 118 eyes from 66 patients with threshold ROP, 
who were treated with either cryotherapy or laser treatment. 
At 10 years post-treatment, the laser group had better visual 
outcomes, with a mean of the best-corrected visual of 20/66, 
whereas the cryotherapy group had a mean of 20/182 
(P = 0.015). Moreover, the laser-treated eyes were 5.2 times 
more likely than the cryotherapy eyes to have a best- corrected 
visual acuity of 20/50 or better. Structurally, the eyes treated 
with cryotherapy developed 7.2 times more retinal dragging 
than the laser-treated patients, which was consistent with the 
poorer visual outcomes of the cryotherapy group [6]. In 
terms of refraction, Ng et  al. reported the same group of 
patients that cryotherapy eyes were significantly more myo-
pic than those that received laser treatment. The mean of the 
spherical equivalent for the laser-treated patients was −4.48 
diopters while the cryotherapy patients had a mean spherical 
equivalent of −7.65 diopters (P = 0.019). Interestingly, a lon-
ger axial length was observed in the laser group (laser group, 
22.9  mm. vs. cryotherapy group, 22.7  mm; P  =  0.024). 
However, the cryotherapy patients had greater lens thickness 
(cryotherapy, 4.33 vs laser, 3.95; P = < 0.001). Therefore, the 
lens component, from the lens thickness and crystalline lens 
power, seemed to be a predominant part of the greater myo-
pic progression in the cryotherapy eyes [7].

3.1.3  Early Treatment for Retinopathy 
of Prematurity Randomized Trial 
(ETROP) [8, 9]

Despite adequate treatment with cryotherapy in threshold 
ROP in the CRYO-ROP study, the treated patients still 
experienced a high rate of unsatisfactory outcomes both in 
visual acuity and retinal structure. At the last follow-up of 
the CRYO-ROP, 44.4% of the treated patients ultimately 
developed a poor visual acuity (worse than 20/200), and 
30% of the treatment group experienced an unfavorable 
retinal structure. The need for an effort to identify earlier 
treatment criteria was raised by the ETROP study; this 
would result in the earlier treatment of eyes at risk of devel-
oping threshold ROP or unfavorable outcomes if left 
untreated.

The study included patients who had a birth weight of 
less than 1251 grams and had survived at least 28 days, 
and who were located at 26 participating centers. The 
patients were first screened for ROP at the chronological 
age of 6 weeks and they were followed from 1 to 2 weeks. 
The risk of developing high-risk prethreshold was subse-
quently calculated by the coordinating center using the 
Risk Model for Retinopathy of Prematurity 2, a risk model 
analysis program based on longitudinal data acquired by 
the CRYO-ROP study. The high-risk prethreshold eyes 
(defined as those that reached 15% or more of developing 
unfavorable outcomes by the model) were assigned at ran-
dom to ablative treatment within 48 h. Only the high-risk 
patients were randomized because a significant number of 
eyes undergo spontaneous ROP resolution. The other eyes 
in the bilateral cases were observed as control and treated 
only when they developed threshold disease, in accor-
dance with the standard of care derived from CRYO-ROP 
at that time. Generally, the main ablative treatment was 
laser treatment, but cryotherapy was also allowed in the 
study. Infants with threshold ROP (as defined by the 
CRYO-ROP study) before the randomization process 
were excluded from the study.

A total of 828 infants developed prethreshold ROP in at 
least one eye. Of the cohort, 401 eyes were at high-risk pre-
threshold disease and were enrolled for randomization. At 
the corrected age of 9 months, visual acuity was assessed; it 
revealed that the early treatment resulted in a reduction in 
unfavorable outcomes from 19.5% to 14.5% (P = 0.01). The 
unfavorable structural outcomes were also reduced from 
15.6% to 9.1% (P < 0.001). A further analysis of the study 
also recommended the use of ablative treatment in cases with 
type 1 ROP, which was defined as:

• Zone I, any stage ROP with plus disease
• Zone I, stage 3 ROP without plus disease or
• Zone II, stage 2 or 3 ROP with plus disease
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Furthermore, from the analysis, it was recommended that 
no ablative treatment be applied for type 2 ROP unless it 
progresses to type 1 ROP or threshold disease. In other 
words, a wait-and-watch approach was recommended for 
those type 2 ROP infants.

Later, the ETROP study reported the final visual acuities 
of the patients at the age of 6 years, with comparisons 
between the early treatment and the conventional treatment 
groups. The results demonstrated the benefits of early treat-
ment for type 1 ROP but not for type 2 ROP (25.1% vs 32.8% 
unfavorable outcomes; P  =  0.02). Therefore, the data sup-
ported the use of the early treatment scheme for type 1 ROP, 
but not type 2, because as many as 52% of type 2 ROP (low- 
risk prethreshold) spontaneously regressed without requiring 
treatment.

3.1.4  Efficacy of Intravitreal Bevacizumab 
for Stage 3+ Retinopathy 
of Prematurity (BEAT-ROP) [10, 11]

BEAT-ROP was a prospective, randomized, multicenter 
study that compared the efficacy of standard laser-therapy 
treatment with intravitreal bevacizumab as monotherapy 
treatment for stage 3 ROP with plus disease in zone I or pos-
terior zone II. The 150 infants in the trial had a birth weight 
of 1500 grams or less, a gestational age of 30 weeks or less, 
and stage 3+ ROP in zone I or posterior zone II; a total of 300 
eyes were studied. The first eye examination started at 
4 weeks of chronological age or 31 weeks of postmenstrual 
age, whichever came later. The enrolled infants with stage 3+ 
ROP in zone I or posterior zone II were randomized to a 
bevacizumab injection (0.625 mg in 0.025 ml) versus a con-
ventional laser. Fundus imaging of all infants was performed 
with a RetCam camera before and after the treatment, and 
the images were sent to a BEAT-ROP reading center for 
interpretation. The primary outcome was the recurrence of 
retinopathy that occurred before the postmenstrual age of 
54 months and that required treatment in one or both eyes.

By 54 weeks of postmenstrual age, only 143 eyes were 
left for analysis. Before then, seven infants (five in the beva-
cizumab group, and two in the laser-therapy group) had died 
and were not included in the primary outcome analyses. The 
statistically significant result was a decreased rate of recur-
rent retinopathy in the bevacizumab-group infants with stage 
3+ in zone I compared to those in the conventional laser- 
treatment group (laser group, 42% vs. bevacizumab group, 
6%; odds ratio [OR] with bevacizumab, 0.09; 95% confi-
dence interval [CI], 0.02–0.43; P = 0.003), whereas it was 
not significantly different for disease in posterior zone II 
(P  =  0.27). The time to recurrence was 16.0  ±  4.6  weeks 
(mean ± SD) for six eyes from the bevacizumab group, com-
pared with 6.2 ± 5.7 weeks for 32 eyes from the conventional 

laser group. This emphasized the need for careful follow-up 
of infants treated with an intravitreal injection. Moreover, the 
study also demonstrated the advantages of the intravitreal 
injection over laser treatment in terms of retinal vessel 
growth; the progression of retinal vessels was observed 
beyond the previous stage III ridge, with regression of the 
extraretinal neovascularization after the intravitreal injection 
of bevacizumab. However, the number of participants in this 
study was too small to assess the safety of the intravitreal 
injection therapy.

In conclusion, the intravitreal bevacizumab monotherapy 
showed a significant benefit for stage 3+ ROP in zone I, but 
not in posterior zone II, disease. The peripheral retinal ves-
sels developed without interruption after the treatment with 
intravitreal bevacizumab.

3.2  Major Clinical Trials: The Role 
of Oxygen

3.2.1  Supplemental Therapeutic Oxygen 
for Prethreshold Retinopathy 
of Prematurity (STOP-ROP) [12]

Retinal hypoxia from the peripheral avascular retina in ROP 
contributes to neovascularization. Therefore, supplemental 
oxygen might be beneficial in reducing the hypoxic environ-
ment and downregulating the hypoxia-induced neovascular-
ization in the premature infants’ eyes. The STOP-ROP study 
undertook an evaluation of the efficacy and safety of the use 
of supplemental oxygen for the treatment of prethreshold 
ROP in order to decrease the chance of progression to thresh-
old disease and to reduce the need for subsequent ablative 
treatment. Infants with prethreshold ROP in at least one eye 
and with an oxygen saturation below 94% were enrolled 
from 30 centers over the 5-year period. They were random-
ized into two groups: a control group, which targeted a pulse 
oximetry of 89% to 94%, and a supplemental group, which 
aimed for 96% to 99% for at least 2 weeks. The patients were 
followed to the endpoint of the study, which was determined 
to be either full vascularization to the retinal periphery or 
regression of ROP into zone III.

The results showed that 48% of infants in the control arm 
ultimately reached the disease threshold, whereas only 41% 
in the supplemental oxygen arm did. However, after adjust-
ment for baseline characteristics, the supplemental oxygen 
strategy failed to demonstrate the chance of a reduction in 
the threshold ROP development (OR, 0.72; 95% CI, 0.52–
1.01). Also, the use of supplemental oxygen was unable to 
reduce the number of patients who finally underwent subse-
quent ablative treatment. Not only did the trial fail to prove 
the efficacy of supplemental oxygen, but it also showed the 
risk of adverse pulmonary events, such as pneumonia and 
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chronic lung disease exacerbation. The use of supplemental 
oxygen was no longer considered as an ROP treatment 
strategy.

3.2.2  High Oxygen Percentage 
in Retinopathy of Prematurity Study 
(HOPE-ROP Study) [13]

HOPE-ROP, the parallel study of STOP-ROP, included a 
patient who had an arterial oxygen saturation by pulse oxim-
etry above 94% in room air at the time of the prethreshold 
diagnosis which was excluded from STOP-ROP. A compari-
son was made between patients who had an oxygen satura-
tion above 94% (HOPE-ROP patients) versus below 94% 
(STOP-ROP patients) to determine the rate of progression 
from prethreshold ROP to threshold disease. The results 
revealed a difference in baseline characteristics, including a 
greater gestational age and a greater postmenstrual age in the 
136 HOPE-ROP infants. Consequently, 25% of the HOPE- 
ROP infants developed threshold ROP at the endpoint, while 
46% of the STOP-ROP infants did. Unfortunately, after 
baseline-characteristics adjustment, the study failed to show 
clinical significance for the targeted high oxygenation use on 
prethreshold ROP babies (OR, 0.61; 95% CI, 0.359–1.026).

3.2.3  Target Ranges of Oxygen Saturation 
in Extremely Preterm Infants (the 
Surfactant, Positive Pressure, 
and Oxygenation Randomized Trial 
(SUPPORT) [14]

The SUPPORT study aimed to clarify the optimal range of 
oxygen saturation to minimize the risk of ROP development 
without increasing the adverse outcomes. The study was a 
controlled multicenter trial with a 2-by-2 factorial design, 
and it compared two oxygen saturation targets and two ven-
tilation approaches. It included 1316 extremely preterm 
infants (defined as a gestational age between 24 weeks and 
27 weeks 6 days). The lower-oxygen-saturation group was 
defined as a targeted oxygen saturation 85%–89%, whereas 
the higher-oxygen-saturation group was between 91 and 
95%. The primary outcome was the composite of severe reti-
nopathy, death before discharge, or both. The severe retinop-
athy included threshold ROP, a need for surgical intervention, 
or bevacizumab use.

The outcomes showed no significant differences between 
the two groups in terms of the composite outcome; severe 
retinopathy or death (lower-oxygen-saturation group, 28.3%, 
and higher-oxygen-saturation group, 32.1%; relative risk 
[RR], 0.90; 95% CI, 0.76–1.06; P = 0.21). However, when 
death is excluded from the composite outcome, the lower- 

oxygen- saturation group had a lower incidence of severe 
ROP development (8.6% vs. 17.9%; RR, 0.52; 95% CI, 
0.37–0.73; P  <  0.001). In contrast, the lower-oxygen- 
saturation group experienced a larger number of deaths 
before hospital discharge (19.9% of infants vs. 16.2%; RR, 
1.27; 95% CI, 1.01–1.60; P = 0.04). In conclusion, the study 
showed a large reduction in the incidence of severe ROP 
among infants who survived, but there was an increased rate 
of mortality that would be of concern if the strategy of a low-
oxygen- saturation target for preterm infants was 
implemented.

3.2.4  Systematic Review and Meta-analysis

A recent meta-analysis of 67 studies, which included 21,819 
ROP infants, revealed a 14% reduction in the risk of overall 
ROP development in the lower oxygen saturation group, as 
defined by each study (RR, 0.86; 95% CI, 0.77–0.97). 
Moreover, there was a 42% risk reduction in the severe ROP 
or ROP requiring treatment group (RR, 0.58; 95% CI, 0.45–
0.74). However, the lower oxygen saturation increased the 
mortality rate (RR, 1.15; 95% CI, 1.04–1.29) [15]. However, 
a different conclusion was reached by another meta-analysis 
that included the results of five clinical trials. The rate of 
ROP development was similar for two groups with different 
oxygen saturation targets (restricted group with oxygen satu-
ration, 85%–89%, versus liberal group with oxygen satura-
tion, 91%–95%). The differences in the conclusion of these 
studies could result from different assessments of the quality 
of each outcome and bias. However, in the restricted oxygen 
saturation group, a significant mortality rate before hospital 
discharge was found (RR, 1.18; 95% CI, 1.03–1.36) [16]. 
Overall, the ideal oxygen saturation strategy for ROP still 
remains uncertain. Many other factors need to be considered 
for the best ocular and systemic-result outcomes.

3.3  Major Clinical Trial: The Role of Light

3.3.1  Lack of Efficacy of Light Reduction 
in Preventing Retinopathy 
of Prematurity (LIGHT-ROP) [17]

Light exposure was considered as one of the causes of ROP 
in the past. Without adequate support from studies, however, 
the hypothesis that exposure of infants’ eyes to light resulted 
in the generation of free radicals was doubted. LIGHT-ROP 
was a prospective, randomized, and multicenter study that 
was designed to assess the effects of the ambient-lighting 
conditions of neonatal intensive care nurseries on the inci-
dence of retinopathy of prematurity in high-risk infants. The 
study included premature infants with a birth weight less 
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than 1251 grams and a gestational age less than 31 weeks. 
The infants were randomized to two groups; goggles were 
placed on the infants in the first group, whereas the infants in 
the other group were exposed to the conventional lighting 
conditions in an intensive care unit, without the use of gog-
gles. The goggles were placed on the infants within 24 h of 
their birth; they were retained until the postconceptional age 
of 31  weeks or 4  weeks after birth. The babies were then 
examined for the incidence of ROP by ophthalmologists who 
were masked to the treatment of the individual infants. The 
results showed similar baseline characteristics of the patients 
in both groups. In the case of the goggles group, 54% of the 
patients were diagnosed with ROP, which was slightly less 
than the figure of 58% for the control group (RR, 0.9; 95% 
CI, 0.8–1.1; P = 0.50). It was concluded that the reduction in 
the light exposure levels did not alter the incidence of ROP.

3.4  Major Clinical Trial: The Role 
of Nutrients

3.4.1  Vitamin E Prophylaxis to Reduce 
Retinopathy of Prematurity: 
A Reappraisal of Published Trial [18]

The role of vitamin E as an anti-oxidant in influencing the 
clinical course of ROP is in doubt. Many clinical trials have 
studied the role of vitamin E as a prophylaxis treatment for 
ROP. This particular meta-analysis study included a total of 
six trials. Together, they enrolled 1414 very-low-birth-weight 
infants (704 in the vitamin E prophylaxis group, and 714 in 
the control group). Overall, the total incidence of ROP devel-
opment in the two groups was similar. However, the inci-
dence of stage 3+ ROP was lower in the group receiving 
vitamin E (vitamin E group, 2.4% vs. control, 5.3%). The 
study reported a 52% overall reduction in the incidence of 
stage 3+ ROP after receiving vitamin E. However, the study 
had some limitations. Firstly, the number of clinical trials 
included, six, gave low power to detect homogeneity for 
analysis. In addition, many neonatal care practices were not 
uniformly controlled, which could be a confounding factor 
for ROP development.
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Diagnosis and Classification of ROP

Anna L. Ells

Abstract

Retinopathy of prematurity (ROP) is a vasoproliferative 
disease that affects those infants born of the smallest 
weight and lowest gestational ages. The disease is charac-
terized by its morphology and described as the 
International Classification of Retinopathy of Prematurity 
(ICROP). Zone, stage, presence of pre-plus or plus dis-
ease and aggressive posterior disease, define the morphol-
ogy possibly seen during the acute phase of ROP.

Keywords

Retinopathy of prematurity (ROP) · International 
classification of ROP (ICROP) · Zone · Stage · Plus 
disease · Aggressive posterior ROP

4.1  Introduction

Retinopathy of prematurity (ROP) is a vasoproliferative dis-
ease that affects those infants born of the smallest weight and 
lowest gestational ages [1]. The disease is characterized by 
its morphology and described in the International 
Classification of Retinopathy of Prematurity (ICROP) [2–4]. 
ICROP is used by all ophthalmologists to document the 
severity of the ROP seen on clinical examination.

4.2  Diagnosis

Premature infants are examined in the neonatal intensive 
care unit (NICU). Visualization of the premature retina is 
performed using an indirect ophthalmoscope and a 25 or 28 
diopter condensing lens [5]. Digital imaging systems can 
also be used to identify, photograph, and document the ROP 

[6, 7]. In some tertiary centers, fluorescein angiography may 
be performed for additional diagnostic purposes [8].

Most countries have their own national evidence-based 
recommended ROP screening guidelines that are used as a 
protocol for screening [9, 10]. In the United States, infants 
with a birth weight of less than 1500 g or a gestational age of 
less than 31 weeks require an ROP screening examination 
[11]. Also, infants of less than 2000 g with an unstable clini-
cal course may be referred for an ROP examination [11, 12]. 
It is important to note that premature infants requiring ROP 
examinations in developing countries are larger in weight 
and have older gestational ages [10].

The first exam is at 4 to 6 weeks after birth but this can be 
dramatically earlier in infants born in developing countries 
[10, 11, 13]. Subsequent ROP examinations intervals are 
determined by the examining ophthalmologist and will be 
every 1 or 2 weeks unless treatment is required. Treatment is 
recommended within 48–72  hours of diagnosis of Type I 
ROP, defined as: zone I, any stage ROP with plus; zone I with 
stage 3, with or without plus and zone II with stage 2 or 3, 
with plus disease [13, 14].

Ongoing retinal ROP examinations are required until the 
retina is vascularized into zone III and the infant is at least 
37  weeks of post-menstrual age. If ROP is still present, 
examinations should continue until there are at least two 
consecutive exams without ROP and vessels are in zone III.

4.3  Classification

The classification system is based on the morphology of the 
vasoproliferative disease present at the time of examination.

4.4  Location of Disease

The location of ROP is defined by anteroposterior zones, in 
three concentric rings.
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Zone I is centered on the optic disc with a radius of twice 
the distance from the center of the optic disc to the center of 
the fovea. This zone is the most posterior and ROP located 
within this zone is predicted to be the most severe form of the 
disease [4].

Zone II defines the area of the retina from the border of 
zone I to the nasal ora serrata.

Zone III is the crescent of retina adjacent to the temporal 
border of zone II (Fig. 4.1).

4.5  Clinical Approach to Localization 
the Zone of ROP

If using indirect ophthalmoscopy to perform the ROP clini-
cal examination, the extent of zone I can be defined by using 
a 25 or 28 diopter condensing lens and placing the nasal edge 
of the optic disc at one end of the physician’s field of view, 
then the retina that is visualized will be within zone I 
(Fig. 4.2). [5]. If wide-field digital imaging systems are used, 
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Fig. 4.1 This figure illustrates the position of the concentric zones, with zone I and II, centered around the optic disc. Clock hours are also used 
to localize the ROP lesions [4]. © International Committee for the Retinopathy of Prematurity

Fig. 4.2 Indirect ophthalmoscopy image through a 25 diopter condens-
ing lens, may be used to clinically approximate the extent of zone I [4]. 
© International Committee for the Retinopathy of Prematurity
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the physician must identify the fovea (which may be under-
developed and difficult to identify), in order to define zone I 
limits [15–17].

4.5.1  Key Points About Zones

 1. Zones define the geography and location of the ROP.
 2. Zones I and II are concentric rings centered around the 

optic disc.
 3. Zone I is most posterior and the predictor of the most 

severe ROP.

4.6  Staging of the Disease

The five stages of the disease describe the morphology of the 
ROP as seen on clinical examination or on digital imaging. 
One or more stages of disease can be present at any time in 
the eye (Fig. 4.9). The stages are documented according to 
how many clock hours they occupy in the retina. Retinal vas-
cularization may initially be incomplete but no ROP is pres-
ent, and this is referred to as immature retina (Fig. 4.3).

• Stage 1: defined by a demarcating intra-retinal structure 
or line that divides the vascularized retina from the avas-
cularized retina (Fig. 4.4).

• Stage 2: defined by a ridge structure that has height and 
width and develops from the demarcating line as the dis-
ease progresses (Fig. 4.5).

• Stage 3: defined by extraretinal fibrovascular proliferation 
or neovascularization that extends from the ridge struc-
ture into the vitreous (Figs. 4.6, 4.7, 4.8, and 4.9).

• Stage 4A: extrafoveal retinal detachment (Fig. 4.10).
Fig. 4.3 Immature retina. This image demonstrates the immature reti-
nal vessels (arrows) located in posterior zone II without the presence of 
ROP. © International Committee for the Retinopathy of Prematurity

Fig. 4.4 Stage 1 ROP. Arrows are at the demarcating line between vas-
cularized and non-vascularized retina. © International Committee for 
the Retinopathy of Prematurity

Fig. 4.5 Stage 2 ROP. The ridge can be seen between vascularized and 
non-vascularized retina. © International Committee for the Retinopathy 
of Prematurity
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• Stage 4B: foveal retinal detachment (Fig. 4.11).
• Stage 5: total retinal detachment that is usually tractional, 

concave, or funnel in shape (Fig. 4.12).

4.6.1  Key Points About Stages of ROP

 1. Stages describe the morphology and severity of the ROP.
 2. Include stages 1–5.
 3. There may be one or more stages within an eye 

concurrently.

4.7  Pre-plus and Plus Disease

In addition to the abnormal proliferation of retinal vascula-
ture that is described in the stages of ROP, the existing 
arteries and veins of the retina may undergo changes as the 
severity of the ROP increases over time which include both 
dilation and tortuosity. Iris vascular engorgement may also 
occur. Mild dilation and tortuosity of the posterior pole ves-
sels is called “pre-plus” disease and is defined as changes 

Fig. 4.6 Stage 3 ROP can be seen in the superior part of the image. The 
ridge is elevated and there is neovascularization on the surface of the 
ridge. Note the arborization of vessels just posterior to the ridge.  
© International Committee for the Retinopathy of Prematurity

Fig. 4.7 High magnification of Stage 3. © International Committee for 
the Retinopathy of Prematurity

Fig. 4.8 High magnification of stage 3 fibrovascular proliferation at 
the junction between vascularized retina and non-vascularized retina.  
© International Committee for the Retinopathy of Prematurity

Fig. 4.9 Multiple stages of ROP may be concurrently present in the 
eye. Note stage 2 (long, single arrow), stage 3 (double arrows), and 
“popcorn” (short arrows) which are small regressing buds of neovascu-
larization. There is also plus disease. © International Committee for the 
Retinopathy of Prematurity
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that are insufficient for the diagnosis of plus disease but are 
not normal (Fig. 4.13). These vascular changes may prog-
ress over time to become “plus disease” or they may regress 
to more normal caliber vessels as the ROP regresses. Plus 
disease is defined as venous and arterial dilation and tortu-
osity in at least two quadrants that met a minimum amount 
of abnormality that was originally defined by a photograph 
of the posterior pole in the original classification publica-
tion in 1984 (Fig. 4.14). [2] The clinical diagnosis of pre-
plus and plus disease may vary between examiners either at 

the bedside during the clinical exam or in the evaluation of 
wide- field retinal digital images [6]. Automated retinal ves-
sel computerized software is currently being researched 
and developed which may assist in the quantification of 
vascular changes so that the diagnosis of pre-plus and plus 
disease can be standardized between examiners [18–20]. 
The presence of plus disease almost always determines the 
need to treat an infant’s eye with ROP therefore the stan-
dardization of this important clinical manifestation of ROP 
is critical [7].

Fig. 4.10 Stage 4A.  Widefield digital retinal image of 4A retinal 
detachment in ROP. Note the shallow temporal retinal detachment that 
does not involve the fovea (arrow). © International Committee for the 
Retinopathy of Prematurity

Fig. 4.11 Stage 4B. Widefield retinal image of stage 4B retinal detach-
ment in ROP. Note the foveal involvement. © International Committee 
for the Retinopathy of Prematurity

Fig. 4.12 Image of stage 5 ROP with an open funnel, total retinal 
detachment. © International Committee for the Retinopathy of 
Prematurity

Fig. 4.13 Pre-plus disease. Image of pre-plus disease in ROP. There is 
a greater than normal amount of vascular dilation and tortuosity but 
insufficient for the diagnosis of plus disease. © International Committee 
for the Retinopathy of Prematurity
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4.7.1  Key Points About Pre-plus and Plus 
Disease

 1. Pre-plus vascular changes are insufficient for the diagno-
sis of plus disease.

 2. Plus disease requires at least two quadrants of abnormal 
dilation and tortuosity of posterior pole vessels.

 3. The presence of plus disease almost always indicates the 
need to treat the eye.

4.8  Aggressive Posterior ROP (AP-ROP)

Aggressive posterior ROP is a rare but most severe form of 
ROP that is seen in extremely premature and low weight 
infants or in infants with prematurity and associated co- 
morbidities of prematurity such as sepsis, pulmonary dis-
ease, and necrotizing enterocolitis [21, 22]. This virulent 
form of ROP is called aggressive posterior ROP and is char-
acterized by its posterior location, usually zone I, relatively 
flat and extensive stage 3 neovascularization, and massive 
plus disease in all four quadrants (Figs. 4.15 and 4.16). An 
important feature of AP-ROP is that it does not usually prog-
ress through the stages of ROP but develops a flat network of 
neovascularization early on in the disease without the preex-
isting ridge.

4.8.1  Key Points About AP-ROP

 1. AP-ROP is the most virulent and aggressive form of ROP.

 2. Features massive plus disease, flat neovascularization, 
and usually zone I.

 3. Lacks the classic stages of 1, 2, and 3. Often there is no 
ridge seen.

4.9  Regression of ROP

Acute ROP either progresses to a point that requires treat-
ment, or it spontaneously regresses. Often the failure of one 
stage to progress to the next stage is an indication of regres-
sion. Signs of regression occur at the junction between vas-
cularized and non-vascularized retina and retinal vessels 

Fig. 4.14 Plus disease. Widefield digital retinal image of plus disease. 
Note extensive dilation and tortuosity in all four quadrants in the poste-
rior pole. Venules are more dilated than the arterioles. It is difficult to 
see the temporal stage 3 present. © International Committee for the 
Retinopathy of Prematurity

Fig. 4.15 Aggressive posterior ROP. © International Committee for 
the Retinopathy of Prematurity

Fig. 4.16 Image of aggressive posterior ROP. Note the posterior loca-
tion of zone I, the flat neovascularization (arrows), and the extensive 
plus disease present. © International Committee for the Retinopathy of 
Prematurity
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usually advance slowly toward the ora serrata. [23] The most 
peripheral retina may remain avascular as was noted in the 
1987 ICROP publication on regression and retinal detach-
ment [3]. It is extremely important to continue retinal exami-
nations after treatment (regardless of treatment modality) or 
spontaneous regression to ensure adequate vascularization 
into zone III without reactivation of neovascularization. 
Failure to detect inadequately regressed ROP or significant 
persistent peripheral avascular retina over time may lead to 
cicatricial ROP causing visual loss or blindness. [24].

4.10  Summary

 1. Clinical examination of the premature infant’s retina is 
performed using an indirect ophthalmoscope or digital 
imaging systems to identify or photograph and document 
the ROP.

 2. Evidence-based screening guidelines have been pub-
lished for many countries and it is important to note that 
developing countries have very different birthweights and 
gestational ages of at-risk infants for Type I ROP.

 3. ICROP is an international classification system, based on 
the morphology of the disease. The unifying principle of 
this classification is the more posterior the disease and the 
greater the amount of involved retinal vascular tissue, the 
more serious the disease. The presence of plus disease is 
critical to identify, as it almost always indicates the need 
for treatment.

 4. Careful description, documentation, and photography 
may lead to more timely and accurate treatment of ROP.

Acknowledgments All figures are reprinted from the International 
Classification of Retinopathy of Prematurity Revisited, Arch 
Ophthalmol/Vol. 123, July 2005, with permission from the ICROP 
committee.
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Differential Diagnosis of ROP

G. Caputo

Abstract

History of prematurity mainly sustains the diagnosis of 
retinopathy of prematurity. The features of ROP are reti-
nal ischemia, exudation, and neovascularization respon-
sible for secondary tractional retinal detachment. The 
differential diagnosis of ROP to consider are diseases 
that feature similar clinical presentations such as FEVR, 
incontinentia pigmenti, Coats’ disease, and persistent 
fetal vascularization. Family history, genetic testing, and 
wide-angle angiography allow to clarify these 
conditions.

Keywords

Retinal ischemia · Retinal exudation · Retinal folds  
Retinal detachment · FEVR · ROP · Incontinentia 
pigmenti · Coats disease · Persistent fetal vasculature 
(PFV)

Various conditions can simulate retinopathy of prematurity 
at different stages of the disease.

ROP is characterized by the development of extraretinal 
neovascular proliferation secondary to nonperfusion of large 
retinal territories.

Early stages of ROP and their specific clinical features 
ease the differential diagnosis. In the case of advanced stages 
of ROP complicated by retinal detachment, the latter can be 
more controversial since each clinical feature is seen in sev-
eral diseases; many congenital or vascular retinal diseases 
can present with retinal ischemia, subretinal exudation, reti-
nal detachment, retinal dragging, and retinal folds.

5.1  Medical History

Past medical history of prematurity is the main answer to 
differential diagnosis of ROP. According to the country of 
birth, gestational age, and birth weight at risk for developing 
severe retinopathy of prematurity can vary; developed 
 countries have different thresholds than 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].

5.1.1  Genetic Background

Differential diagnosis of ROP involves retinal diseases with 
a common genetic background concerning the WNT signal-
ing pathway. Mutations in the NDP gene, present in Norrie 
disease can be shared with some cases of familial exudative 
vitreoretinopathy (FEVR) [2]. Norrin by its interaction with 
the product of FZD4 is implicated in the Wnt signaling path-
way, essential to angiogenesis. Mutations in FZD4, LRP5, 
TSPAN12, or ZNF408 genes are responsible for FEVR, and 
no clear phenotype–genotype correlation has been estab-
lished [3]. In rare cases of Coats’ disease and ROP, a muta-
tion in the FZD4 gene has been reported [4]. Mutations in the 
FZD4 gene that could explain surprising evolutions of the 
disease are present in up to 3% of severe cases of ROP [5, 6].

5.2  Clinical Observations

5.2.1  Retinal Ischemia

5.2.1.1  Familial Exudative Vitreoretinopathy
Peripheral retinal ischemia is characteristic of ROP and is 
also present in familial exudative vitreoretinopathy (FEVR). 
In the latter, peripheral retinal ischemia develops during 
childhood responsible for extraretinal neovascularization; 
tractional and exudative retinal detachment are present in the 
late stages of the disease; ischemia is predominant in the 
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temporal retina, associated to thin peripheral vascular arbori-
zation and capillary drop-out (Fig.  5.1). Dominant, reces-
sive, or X-linked transmission is encountered in FEVR and 
no history of prematurity is noted. Mutations affect FRZL4, 
LRP5, Norrie, TSPAN12, or ZNF408 genes [7].

In young babies with advanced stages of FEVR, the exu-
dative component is often predominant in the retinal 
detachment.

5.2.1.2  Incontinentia Pigmenti
Incontinentia pigmenti is a dominant genetic disease linked 
to chromosome X; it is lethal for boys. Retinal ischemia is 
observed during the first year of life. The presentation is 
quite asymmetrical and usually affects one eye because of 
the lionization of chromosome X (Fig.  5.2). The dermato-
logical lesions are specific features of this disease; they con-
sist of pigmented lesions of the skin on the legs, only visible 
during the first months of life [8].

5.2.1.3  Shaken Baby Syndrome
Peripheral ischemia and secondary neovascularization have 
been described in shaken baby syndrome; they could be due 
to the shearing effect of the trauma on the retinal vessels 
(Fig. 5.3) [9].

5.2.2  Subretinal Exudation

Subretinal exudation is less common in ROP, but can be 
observed in advanced stage 4 or 5 of the disease with active 
plus presentation.

This feature can be predominant in FEVR because of the 
presence of large anastomosis of the peripheral vessels.

Vascular dilation of capillaries, rarefaction of capillary 
meshwork, and retinal exudation leading to total retinal 
detachment is observed in Coats’ disease (Figs. 5.4 and 5.5) 
[10]. Eighty-five percent of the cases concern boys [11]. 

Fig. 5.1 Retinal ischemia in FEVR patient. Fundus photograph is unremarkable and wide-angle angiography shows peripheral retinal ischemia
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a

c

b

Fig. 5.2 Retinal ischemia and preretinal neovascularization in incontinentia pigmenti (a, b). Controlateral fundus photography showing mild 
vascular changes but inferio-temporal ischemia (c)

a b

Fig. 5.3 Partial retinal detachment in a case of shaken baby syndrome: fundus photography (a), fluorescein angiogram showing extensive retinal 
ischemia (b)

5 Differential Diagnosis of ROP
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Vitreous is not implicated initially in Coats’ disease; exten-
sive laser photocoagulation of vascular aneurysms can induce 
retinal ischemia and secondary neovascularization [12].

5.2.3  Retinal Detachment

Retinal detachment is present in stage 4 and 5 ROP. The vas-
cular component of the preretinal neovascularization 
regresses in the late phases of these detachments, and the 
fibrous tissue is responsible for the tractional detachments 
are characterized by total retinal detachment is observed in 
advanced stages of FEVR (Fig.  5.6). Infants can also be 
affected, but the mean age of retinal detachment in this dis-
ease is young infancy or adolescence. Subretinal exudation is 
often observed in FEVR.

A wide variety of clinical observations can be present in 
Persistent fetal vascularization (PFV) according to the 
amount of fibrovascular tissue remnants. Severe cases will 
have a total retinal detachment; the absence of vascular dis-
ease in the fellow eye will confirm the diagnosis; peripheral 
retinal ischemia is eliminated by wide-angle angiography.

In retinal dysplasia, ocular lesions similar to PFV are 
bilateral (Fig. 5.7) [13]. Norrie disease is a genetic disease, 
an X-linked disease affecting boys; hearing impairment and 
autistic disorder are often associated.

5.2.4  Macular Ectopia

Retinal dragging by the temporal extraretinal neovascular-
ization is responsible for macular ectopia and can be observed 

a b

Fig. 5.4 Example of retinal exsudation in Coats’ disease. Fundus photography (a), fluorescein angiography (b)

Fig. 5.5 Two 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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in ROP and FEVR.  Retinal temporal vessels develop a 
straight pattern instead of their natural curvature.

5.2.5  Retinal Folds

Retinal folds are observed in the cicatricial form of stage 4A 
and 4B ROP. Progressive temporal fibrous tissue contraction 
leads to a localized macular fold. FEVR, PFV, Norrie dis-
ease, and retinal dysplasia can present with a similar clinical 
presentation [14] (Fig. 5.8).

Vessels in the fold are more commonly seen in FEVR and 
ROP (the absence of vessels and heavy epiretinal alterations 
are more common features of PFV and retinal dysplasia) 
(Fig. 5.9).

In summary, differential diagnosis of ROP is easy when 
medical history is well known; it can be difficult in case of 

Fig. 5.6 A case of unilateral total retinal detachment in FEVR comparable to stage 5 ROP

Fig. 5.7 Retinal dysplasia associated bilateral retinal fold. Note the pigmentary subretinal changes that help recognizing diagnosis

Fig. 5.8 A case of unilateral retinal fold in FEVR: note the subretinal 
exudates and extraretinal fibrovascular proliferation

5 Differential Diagnosis of ROP
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Fig. 5.9 Unilateral retinal fold due to persistent fetal vasculature

mild prematurity in countries where the standard of care 
does not reach the one in developed regions. Many diseases 
can simulate some clinical features of ROP, and a thorough 
analysis of the clinical presentation associated with wide- 
angle angiography allows doing the right diagnosis. All these 
differential diagnoses share some common genetic back-
ground with the Norrie/FZD4 Wnt signaling pathway impli-
cated in angiogenesis. Understanding and analyzing these 
mechanisms will help diagnose and classify these vascular 
retinal diseases.
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Abstract

In this chapter, we will discuss the definition APROP, 
optimal treatment regimen, and provide example photo-
graphs for pattern recognition.
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6.1  What is APROP?

Aggressive Posterior Retinopathy of Prematurity (APROP) 
is an uncommon form of ROP that can rapidly lead to reti-
nal detachment and blindness if untreated or treated late 
[1]. APROP is generally a posterior disease in Zone I or 
posterior Zone II. APROP displays stage 3 as a flat neovas-
cularization without a detectable fibrotic component. This 
neovascularization is often invisible with standard tech-
niques. Therefore, APROP is currently defined as prominent 
plus disease with an ill-defined retinopathy or out of propor-
tion to the observed retinopathy (Fig. 6.1). This is because 
APROP does not contain the classic ROP (CROP) fibrotic 

features, i.e., the stage 1 demarcation line, stage 2 ridge, or 
fibrotic extraretinal proliferation of stage 3.

6.2  Importance of APROP Recognition: 
Poor Response to Treatment

One factor in the worse outcomes for APROP may be late 
treatment. Since the neovascularization does not contain 
fibrotic elements (which provide a sharp contrast to the 
normally developing retina) it is much harder to recognize. 
Careful examination with low ambient light and increased 
magnification (e.g., 20 diopter lens) are critical. If the 
“naked” neovascularization is missed repeatedly, then the 
eye may be called immature and given a 2–3 weeks exam 
interval that is too long and leads to sudden severe disease. 
The disease will advance to include fibrotic elements which 
will contract, lead to tractional retinal detachment (TRD), 
and given the posterior location, rapidly involve most of the 

Fig. 6.1 APROP.  Note prominent plus disease, out of proportion to 
perceived retinopathy due to lack of fibrotic elements. However, note 
the temporal anastomotic vessels and blush from fine neovasculariza-
tion that obscures the underlying vessels

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6552-6_6&domain=pdf
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posterior pole, including the macula. One major contribution 
of the revised International Classification of ROP [1] defini-
tion of APROP was to increase its awareness among ROP 
screeners. With increased disease recognition treatment has 
been performed earlier in the disease course. Specifically, 
in our catchment locale, rates of referral for TRD from 
untreated APROP declined dramatically after publication of 
this definition.

Even when treated promptly the failure rates are higher 
for APROP than for CROP [2–5]. Rates of progression to 
TRD despite laser photocoagulation range from 20 to 50% 
[2–4, 6, 7] whereas rates of anatomic failure after laser are 
generally around 10% [8]. Response to treatment with anti- 
VEGF or combination treatment of laser photocoagulation 
and anti-VEGF have been reported to be better, with a failure 
rate of less than 5% [9]. Since early treatment of APROP 
and modification of the treatment regime may be helpful in 
ensuring better outcomes, early recognition of this disease 
is critical.

6.3  Formal ICROP Definition

ICROP [1, 3] defined APROP as a special form of ROP 
which we will present below. Prior to the publication of the 
revised ICROP [1] with its improved photographic docu-
mentation of disease examples, this severe posterior ROP 
was variously termed Rush Disease, Fulminate ROP, Zone 
I ROP, and in the Japanese literature Type 2 ROP [10, 11]. 
The term APROP has supplanted this prior terminology in 
the literature.

ICROP defines APROP as follows: “The characteris-
tic features of this type of ROP are its posterior location, 
prominence of plus disease, and the ill-defined nature of the 
retinopathy.” Although the descriptors “posterior location” 
and “prominence of plus disease” may be helpful in distin-
guishing CROP from APROP, describing it as an “ill-defined 
retinopathy” is less helpful. Since ETROP criteria for treat-
ment are basically driven by the presence of plus disease, 
even cases of unrecognized APROP (e.g., posterior plus 
without CROP demarcation/fibrosis) qualify for treatment. 
This relatively earlier treatment of APROP that otherwise 
may not have been recognized until late in the course (i.e., 
after it evolved to severe fibrosis and TRD) has decreased 
blindness from APROP.  However, as discussed above, the 
response to conventional treatment of APROP remains worse 
than CROP. Therefore, identification of APROP may allow 
modification of the treatment regimen to allow for better out-
comes, whether with anti-VEGF, earlier laser treatment, or 
other strategies. However, the examiner must be able to posi-
tively identify APROP, potentially at an earlier timepoint. 
Stage 3 neovascularization of APROP qualifies for treatment 
under ETROP guidelines even before the development of 

plus disease, when in Zone I. We will discuss features that 
allow positive identification of APROP below.

6.4  Positive Features of APROP

ICROP does further describe some positive features of 
APROP that are helpful in its identification including: (1) 
Posterior vessels show increased dilation and tortuosity out of 
proportion to the peripheral disease; (2) Shunting occurs from 
posterior to the vascular–avascular junction; (3) Difficulty 
in distinguishing between arterioles and venules because of 
the shunting, dilation, and tortuosity; (4) Hemorrhages at the 
junction between the vascularized and avascular retina; (5). 
APROP typically is accompanied by circumferential vessels; 
(6) Lack of progression through CROP stage 1–3; and (7) 
APROP may appear as a flat network of neovascularization 
at the deceptively featureless junction between vascularized 
and non-vascularized retina (Fig. 6.2).

This last feature, in the opinion of the authors, is the most 
specific finding of APROP: neovascularization without fibro-
sis. Neovascularization is the purely vascular form of fibro-
vascular proliferation (stage 3). This differentiates CROP 
from APROP.  Since there are no accompanying fibrotic 
(i.e., white) elements (which are present in CROP stage 
1–3) the vascular–avascular junction appears “featureless.” 
Additionally, there may be a blush of flat neovascular tissue 
that obscures the underlying retinal vessels (Fig. 6.3).

Additional features that may point to APROP are lack 
of anterior growth of posterior immature vessels, rapid pro-
gression of plus disease, and persistence of tunica vasculosa 
lentis (Fig.  6.4). Indeed, the inability to achieve sufficient 
dilation due to tunica is a poor prognostic sign.

Fig. 6.2 This is an example of APROP. Plus disease is out of propor-
tion to perceived retinopathy. Note the fine, flat network of neovascular-
ization (*) and shunt vessel (>)
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6.5  Toward Updating the Definition 
of APROP

The practical objective is to diagnose eyes destined to reach 
APROP using these positive features that can lead to sus-
picion of APROP development and thus closer examina-
tion even in the absence of plus disease. Strategies during 
examination to allow detection of difficult to see features 
such as fine neovascularization include optimizing pupillary 
dilation, media clarity, magnification (e.g., 20 diopter lens 

instead of 28), improved focus, glare reduction, and control 
of movement of the infant’s head.

In order to aid in early detection of APROP, we would 
like to redefine APROP including subclassification of stages, 
ignoring plus disease for the moment.

Early APROP Vascular shunts. These may be circumferen-
tial vessels at the vascular–avascular junction or posterior to 
the junction (Fig. 6.5). Dilation and tortuosity may be pres-
ent. This is equivalent to CROP stage 2. Eyes with early 
APROP but without plus disease need to be monitored 
closely (at least weekly examination) to allow for timely 
treatment if progression occurs. If plus disease is present this 
should be treated, per ETROP criteria.

It is not obvious that a CROP stage 1 equivalent exists in 
APROP as there is an absence of fibrosis, but this may be 
the absence of anterior growth of vessels when the vascu-
lar–avascular junction is posterior. In practice, this may be 
difficult to distinguish from simply immature vessels with-
out photographic documentation of lack of anterior growth. 
Importantly, however, lack of anterior progression should 
prompt a closer examination schedule, i.e., weekly examina-
tion rather than every other week.

Moderate APROP Flat neovascularization, usually in a 
tangle (Fig. 6.5). This is equivalent to CROP stage 3. This 
may be associated with (1) annular, C-shaped, or arc-shaped 
hemorrhages, which may help highlight the otherwise diffi-
cult to detect flat neovascular frond without fibrosis (Fig. 6.6); 
(2) blush of pink/red at vascular termination which is the fine 
neovascularization (Fig.  6.7); and (3) disappearance of 
details of retinal vessels as they approach the vascular–avas-
cular junction, since they may be covered by a thin tangle of 
neovascularization (Fig. 6.8). This is the stage at which the 
dilation and tortuosity is likely to be out of proportion to the 

Fig. 6.3 APROP.  There is a prominent plus disease despite lack of 
fibrosis. Note the prominent tangle of naked neovascularization just out 
of the plane of the retina superiorly that obscures the retinal vessels as 
they approach the vascular–avascular junction. There is a slight halo 
superiorly but no corresponding structure (This is a Mach Band due to 
change in contrast. A Mach band is an illusion of a line at the exagger-
ated border of two adjoining subtle, yet distinct, shades of a color by 
triggering edge-detection in the visual system. For further discussion on 
Mach Band, please see our chapter in Retinopathy of Prematurity: 
Current Diagnosis and Management by Kychenthal and Dorta [5]

Fig. 6.4 Persistent dilated tunica vasculosa lentis

Fig. 6.5 Arrows show terminal vascular shunt, which can be seen in 
early APROP. Circles demonstrate neovascularization posteriorly
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perceived retinopathy, but this should be the signal to look 
closer for fine vessels that do explain the dilation and tortu-
osity. Moderate APROP should be treated. If plus disease is 
present, then treatment should be done per ETROP recom-
mendation. Similarly, Zone I neovascularization (even with-
out fibrosis since it is stage 3) should be treated even in the 
absence of plus disease. Moderate APROP in Zone II with-
out plus does not technically meet treatment criteria of 
ETROP, but treatment should be strongly considered as 
APROP may progress to late stages quickly.

Late APROP Fibrosis. At first glance, this may look like 
CROP stage 3 but over time did not progress through the 
series of conventional stages 1–3 ridges. Instead, the fibrosis 
developed from the previously “naked” neovascularization, 
similar to that seen in proliferative diabetic retinopathy. 
However, once the naked vessels become fibrotic, they fre-
quently contract without treatment (Fig. 6.9). Treatment with 
anti-VEGF can lead to “crunch” [12]. This “crunch” phe-
nomenon in ROP after anti-VEGF has only been seen by the 
present authors in the few cases that were sent late for exami-
nation and treatment. These eyes have a high rate of progres-
sion to tractional retinal detachment with laser as well. With 

improved awareness and early recognition based on the pre-
vious features described, ideally, eyes would not reach this 
stage.

Very Late APROP Tractional retinal detachment. This is 
CROP stages 4 and 5. Detachment can occur quickly and 

Fig. 6.6 Annular hemorrhage is visible near temporal vascular termi-
nation. Extraretinal vessels are likely present in the center

Fig. 6.7 Pink blush (PB) is seen at the vascular termination. This likely 
represents fine extraretinal vessels. “a” indicates artery and “v” indi-
cates vein

Fig. 6.8 Retina vessels that lose detail or disappear as they approach 
the avascular retina. They are covered by the blush of “naked” neovas-
cularization. There is no fibrosis present, as would be the case with 
classic ROP. There is, however, a halo temporally but it has no definitive 
structure
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should be treated with vitrectomy, although on rare occa-
sions other treatments may be successful, such as scleral 
buckle [13] or anti-VEGF alone. If the vascularity is quite 
active, then decreasing anti-VEGF drive before surgery is 
warranted with anti-VEGF and/or laser. Active vascularity 
can lead to intraoperative and postoperative bleeding that 
may complicate surgery and postoperative evaluation.

6.6  Suspected Pathophysiology

The pathophysiologically distinct origin of APROP as 
opposed to CROP has not been proven but is possibly related 
to the distinction between vasculogenesis and angiogenesis 
[14]. In vasculogenesis, retinal vessels form de-novo from 
mesenchymal cells, whereas in angiogenesis they arise via 
budding from existing vessels. According to this distinction, 
CROP forms from the vascular termination where angio-
genesis is normally occurring and creates a circumferential 
ridge. In contradistinction, APROP forms in a more haphaz-
ard manner in a posterior location de novo from mesenchy-
mal cells (vasculogenesis). This may explain why foveal 
formation does not seem to be inhibited by anti-VEGF medi-
cations. [15] Alternatively, APROP may be due to extremely 

high levels of VEGF which cause neovascularization at away 
from the vascular–avascular junction.

6.7  Special Forms of APROP: Oxygen 
Induced

This involves obliteration of capillary beds and creates abnor-
mal shunts both at vascular–avascular junction and posterior 
to it. This occurs in larger babies, usually in less developed 
nations where oxygen regulation may not be as tight. This, in 
our view, is not primary APROP but a secondary APROP that 
results from a later intervention, excessive oxygen or free 
radical damage. It is probably useful to recognize this pattern 
for interaction with neonatology about oxygen monitoring. 
In the literature, this may be called oxygen-induced retinopa-
thy (OIR) or may be labeled as APROP, particularly in areas 
where it is more common [16]. Reasons that we believe it to 
be a distinct form of APROP include:

 1. It occurs in situations of systemic stress, most commonly 
the use of unblended, unmonitored, and uncontrolled 
oxygen supplementation.

 2. It occurs among much older infants with a mean gesta-
tional age of 28  weeks (median 30  weeks), who often 
have birth weights above 1250 g.

 3. The vascular findings are often well into Zone II, whereas 
APROP usually is a posterior disease.

 4. The angiogram shows a special pattern of an ablative reti-
nopathy with loss of capillary perfusion with retention of 
larger arterioles and venules which have a looping appear-
ance (Fig. 6.10).

This last pattern indicates vascular damage rather than a 
primary defect of vascular growth.

6.8  Special Forms of APROP: Recurrence/
Reactivation after anti-VEGF

This is an area of interest as descriptors are needed for patterns 
of ROP reactivation after anti-VEGF. Anterior vascular devel-
opment may occur and may undergo secondary arrest with 
shunting and dilated terminal structures (Fig. 6.11). Recurrent 
extraretinal neovascularization may occur without fibrosis at 
anterior or posterior locations. Vessels that grow out of the 
retina at a posterior location seem to do so in areas of prior 
vascular arrest and extraretinal neovascularization. This seems 
to recapitulate APROP. Chen et al. describe plus disease as an 
early sign of reactivation of ROP after anti- VEGF treatment 
[17]. This again seems to mimic APROP where plus is out of 
proportion to perceived ROP (Figs. 6.12 and 6.13).

Fig. 6.9 Note the dilation and tortuosity out of proportion to apparent 
peripheral findings. The central macula has not vascularized. 
Neovascular tangles are present superotemporally. The fibrotic band 
demarcated by the arrows is not classic ROP but rather contracted 
APROP causing localized retinal detachment
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6.9  Present State of APROP Detection 
and Treatment Options

APROP is currently detected by clinical examination look-
ing for the signs described above. If flat extraretinal neovas-

cularization without fibrosis is seen, then APROP is present. 
Plus disease out of proportion to perceived retinopathy, 
hemorrhages at the border of the vascular–avascular junc-
tion, lack of anterior migration, rapid progression of disease, 
and persistence of fetal vessels, such as tunica vasculosa len-
tis and hyaloid artery remnant, should prompt a search for 
APROP, perhaps switching to increased magnification with 
20 diopter lens.

It should be noted that similar to known disagreement 
among experts in plus disease diagnosis, APROP diagnosis 

Fig. 6.10 An example of oxygen-induced retinopathy. Large looping 
vessels are seen surrounding areas of capillary drop out (CDO)

Fig. 6.11 The eye was originally treated with bevacizumab and then 
subsequently was treated with laser to avascular retina after reactiva-
tion. Note fine extraretinal vessels at the posterior location of original 
neovascularization

Fig. 6.12 This eye was treated originally with bevacizumab. C-shaped 
hemorrhages are seen at the area of original neovascularization and a 
partially fibrotic demarcation ridge is seen temporally at the vascular–
avascular junction. The C (or reverse C) shape is due to hemorrhage 
around a center of extraretinal vessels. In an eye without apparent active 
ROP, this sign should alert the examiner to the presence of extraretinal 
neovascularization and possible APROP

Fig. 6.13 Fluorescein angiography of eye in Fig. 6.12. Perfused ves-
sels are demonstrated at the center of the C-shaped hemorrhages. 
Capillary dropout is also present, which can be seen in APROP and OIR

M. P. Blair et al.
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may not be agreed upon using photographs [18, 19]. It is our 
hope that in the future imaging technology may better stan-
dardize this difficult diagnosis.

Fluorescein angiography at the bedside may be helpful 
in diagnosing APROP. Image processing to increase contrast 
may be helpful in identifying fine neovascularization [20]. 
Similarly, OCT and OCTA may help aid its detection, but 
these need to be demonstrated with further studies [21].

6.10  Treatment of APROP: Laser or 
Anti-VEGF

There is controversy of the role of anti-VEGF in the treatment 
of ROP in general and this extends to APROP. The contro-
versy is due to a lack of high-level data comparing treatment 
options, but in general, there is more agreement that APROP 
responds poorly to laser and better to anti- VEGF treatment. 
We will review the rationale and available data for treatment 
preference.

APROP, like ROP in general, is a disease of non- 
perfusion, ischemia, proliferation, hemorrhage, and traction 
retinal detachment. The proliferative retinopathy is driven by 
VEGF. The essence of effective management is the timely 
reduction of VEGF. In order to achieve this with laser, treat-
ment must include the entire avascular retina including any 
avascular zones that are under the neovascularization. Since 
VEGF is largely produced just anterior to the vascularized 
retina, posterior skip areas have particularly bad outcomes in 
all cases of ROP—especially APROP.

Barriers to complete laser photocoagulation include:

 1. A persistent pupillary membrane (often called a “persis-
tent tunica vasculosa lentis”) that obscures the retina. As 
discussed above, this is more common in APROP.

 2. Limited field of view from iris rigidity and small pupil 
due to poor dilation and intraoperative constriction.

 3. Broad areas of neovascularization may camouflage an 
underlying area of ischemic retina.

 4. Fine neovascularization may be obscured by hazy media.
 5. A large area of treatment due to posterior disease may 

increase the risk of laser complications such as inflamma-
tion, exudative detachment, ocular ischemia, and cataract.

 6. A longer treatment duration to complete the extensive laser 
required for APROP and overall more fragile systemic sta-
tus of infants who are likely to develop APROP may 
increase the risks of anesthesia. On occasion, these chal-
lenges make a complete laser ablation of the avascular ret-
ina impossible. Ultimately, incomplete treatments greatly 
increase the risk of failure and unfavorable outcomes.

Anti-VEGF injection also removes VEGF from the vitre-
ous reservoir immediately whereas laser only stops its pro-

duction by ischemic retina, allowing already present VEGF 
to modulate vessels until its vitreal levels decline spontane-
ously. Another reason for the difficulty treating APROP is 
that the levels of VEGF in APROP eyes are likely higher than 
CROP as evidenced by the decreased efficacy of a reduced 
dose of bevacizumab. Lorenz et  al. showed that 0.312  mg 
bevacizumab induced regression in 100% of Zone II CROP 
eyes, 80% of Zone I eyes, but only 25% of APROP eyes 
[22]. It is likely that larger areas of persistent avascular retina 
found in APROP than CROP after bevacizumab contribute to 
the likely higher VEGF load [23–25].

In our recent retrospective study [9] of patients treated 
for APROP at the University of Chicago Comer Children’s 
Hospital, with minimum follow-up to 80  weeks PMA, 
APROP responded better to bevacizumab than laser pho-
tocoagulation. TRD occurred in 1 of 22 eyes with treated 
with bevacizumab and in 5 of 14 eyes in the laser group 
(p = 0.002). However, reactivation requiring treatment was 
common in both groups, 9/22 after bevacizumab and 6/14 
after laser (NS). The mean gestational age was 24.5 weeks 
with a mean birth weight of 632 g in the bevacizumab group 
and 24.7 weeks and 777 g in the laser group. Most eyes in the 
bevacizumab group did receive treatment completion laser 
after 60 weeks PMA to reduce the chance of late reactivation 
of ROP (described below).

In addition to a lower rate of TRD after bevacizumab 
compared to laser in our recent study, the lower rate of TRD 
also compares favorably to prior reports of laser treatment for 
APROP. Drenser [2] reported progression to retinal detach-
ment in 8 of 44 eyes with APROP and Pandya [4] described 
3 of 6 eyes with APROP progressing to detachment despite 
laser. Sanghi reported 17% of APROP eyes progressed to 
detachment after laser [3]. Gunn reported 2 of 11 APROP 
eyes progressing to detachment [26]. Ahn et al. found a 15% 
failure rate of laser for APROP [27]. There are reports of 
vitrectomy after laser failure for APROP [6].

Most studies comparing the efficacy of bevacizumab 
to laser for APROP are from outside the United States, 
and results may be different when infants are larger. 
Nonetheless, outcomes after bevacizumab are generally 
more favorable. In a study from Turkey, Gunay reported 0 
of 25 APROP eyes progressing to detachment after bevaci-
zumab while 2 of 15 APROP eyes detached after laser [28]. 
The mean birth weight of infants in the bevacizumab group 
was 900 g. Nicoara similarly found improved regression of 
APROP after bevacizumab (94%) versus laser (83%) in a 
Romanian population with a mean birth weight over 1 kg 
[29]. Outcomes for the smaller infants treated for APROP 
in our recent study [9], with a mean birth weight of 632 g 
in the bevacizumab group, might have been expected to be 
worse given the lower birth weight. However, the single 
detachment out of 22 eyes that received initial bevacizumab 
compares favorably.
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With respect to the selection of an anti-VEGF medica-
tion, bevacizumab has the most experience worldwide and 
appears to work well for Type 1 ROP in general and APROP 
in particular. Ranibizumab use is increasing due to systemic 
safety concerns (discussed below) but appears to have a 
higher rate of reactivation, ranging from 26 to 64% for ROP 
in general, not just APROP [30–37]. Moreover, Chuluunblat 
found an 18% rate of non-responsiveness [36]. The lack of 
efficacy may be related to a shorter half-life and therefore 
early reactivation. Treatment failure for APROP is likely 
higher. Sukgen and Kocluk [34] found an approximately 
50% rate of reactivation of APROP after ranibizumab treat-
ment. Given the lack of concrete data on adverse systemic 
safety issues, the possibility of blindness due to suboptimal 
anti-VEGF must be considered. The use of aflibercept [38] 
and conbercept [39] for ROP have been reported but experi-
ence, particularly with APROP, is limited.

With regard to systemic safety concerns regarding anti- 
VEGF, it is known that the medication reaches systemic cir-
culation and suppresses systemic VEGF and that this effect 
is longer for bevacizumab than for ranibizumab [40]. The 
implications of this VEGF suppression, and even optimal 
levels in preterm neonates [41], are not known. Nonetheless, 
concerns regarding adverse effects on neurodevelopment 
continue to limit the use of anti-VEGF, particularly after 
work by Morin et al. [42]. That data was gathered retrospec-
tively and was unfortunately fraught with bias [43]. The first 
bias was for the treatment of sicker infants with anti-VEGF, 
which is demonstrated by SNAP-II scores that measure the 
severity of systemic illness. The second was for the treatment 
of infants with more severe ROP with anti-VEGF. Also, 11 
patients in the laser arm had mild enough disease to not even 
meet the usual criteria for treatment. There were no such 
patients in the bevacizumab arm. The study included infants 
treated before more wide-spread use of anti-VEGF (after 
the publication of BEAT-ROP [44]) when bevacizumab was 
reserved for children not well enough for laser or for sal-
vage treatment. Importantly, both sicker systemic disease 
and worse ROP are known risk factors for poorer neurode-
velopment [45–48]. The study also suffers from significant 
loss to follow-up of 28% of patients. Among infants that did 
have sufficient follow-up, nine patients in the laser arm were 
excluded for inability to perform testing for reasons such as 
poor cooperation, development delay, blindness, and deaf-
ness, whereas only one such patient was excluded from the 
bevacizumab arm. These patients should have been included 
as having poor neurodevelopment. Recalculating neurode-
velopmental outcomes with the above patients included as 
having severe delay changes the difference in severe devel-
opmental delay to be nonsignificant. Indeed, other studies 
have failed to find a difference in neurodevelopment between 
children whose ROP was treated with laser or bevacizumab. 
[49–52].

To date, no good data exists from unbiased clinical inves-
tigations that anti-VEGF causes harmful systemic effects. 
Given the favorable ocular effect of bevacizumab over laser, 
and likely ranibizumab, for APROP, the real risk of blind-
ness from retinal detachment must be weighed against the 
unproven, theoretical risk of neurodevelopment in neonates.

6.11  Reactivation After Anti-VEGF

Due to known late reactivation of ROP after bevacizumab 
injection [25, 53–57], our standard protocol is to perform 
fluorescein angiography after 60 weeks PMA to identify and 
ablate persistent avascular retina with laser. We term this 
“treatment completion” to emphasize that initial treatment 
with bevacizumab may have a temporary effect. If these eyes 
had been treated initially with laser, areas of avascular retina 
would be considered “skip areas” and these untreated areas 
would generally be treated to prevent reactivation of dis-
ease. The delay in the timing of laser treatment completion 
reduces anesthesia risk [58, 59] and allows anterior growth 
of retinal vessels.

We remain vigilant after the use of anti-VEGF because 
it has a limited blockade effect and a risk of reactivation. 
Larger areas of persistent avascular retina may explain why 
APROP is more likely to reactivate than CROP. In a recent 
study, Mintz-Hittner found 6/6 eyes with APROP reactivated 
[60]. Dikci et al. found that 5 out of 10 APROP eyes treated 
with bevacizumab 0.5  mg needed laser to treat recurrence 
[61]. Our recent study [9] found a 41% reactivation rate for 
eyes with APROP. The difference in morphology of APROP 
may point to a meaningful difference in the molecular envi-
ronment that is related to the increased reactivation rate. 
Therefore, APROP may behave differently than CROP in the 
same zone in terms of response to initial treatment and rate 
of reactivation.

Based on naturally regressed ROP and FEVR, we sus-
pect that reactivation may occur years or even decades later. 
Therefore, our approach is to treat the acute disease with 
anti-VEGF and residual peripheral ischemic retina with laser 
at a later date.

The choice of the term ROP “reactivation” over “recur-
rence” takes into account several observations. First, bevaci-
zumab binds VEGF to suppress neovascularization but does 
not prevent its continued production. Second, the pathologic 
avascular retina is the most essential part of ROP as this ret-
ina produces VEGF that drives ROP.  Third, treatment that 
leaves a pathologic ischemic zone of the retina has not cured 
the ROP and is incomplete. Fourth, pathologic neovascular-
ization after the period of VEGF suppression in the face of 
ischemia should be expected rather than surprising. Finally, 
as long as there is pathologic avascular retina the disease is 
manifestly persistent, and the progression is therefore not 
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a recurrence. The idea of reactivation is that ROP persisted 
(in a dormant state) and then became active again—pro-
gressing to neovascularization or worse, to tractional retinal 
detachment.

It must be remembered that late retinal detachment can 
occur up to (and likely past) 3 years of age [25, 53, 54]. Most 
eyes that received bevacizumab in our recent study [9] as ini-
tial treatment for APROP underwent treatment completion 
fluorescein angiography and laser treatment completion to 
persistent avascular retina to prevent late retinal detachment. 
Indeed, the only eye that progressed to detachment in this 
group did not receive prophylactic late laser and has been 
described elsewhere [25]. Although we believe bevacizumab 
to be superior to laser in the treatment of APROP, late pro-
phylactic laser is recommended. Only after this final laser do 
we consider the treatment complete since it treats the resid-
ual avascular area. We expect that the long-term quiescence 
after late laser prophylaxis will also mimic the outcome of 
conventional laser treatment. This is consistent with our 
observations after one decade of anti-VEGF use. However, 
ROP remains a life-long disease.
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Familial Exudative Vitreoretinopathy 
or Retinopathy of Prematurity

Atchara Amphornphruet and Audina M. Berrocal

Abstract

Retinopathy of prematurity (ROP) and familial exudative 
vitreoretinopathy (FEVR) can have very similar clinical 
presentations. Both diseases have abnormal development 
of retinal vessels and lead to severe vitreoretinopathy 
which causes blindness in newborn infants. The single 
most important difference is prematurity. In ROP, the 
most important risk factors are gestational age and low 
birth weight. In FEVR, it is the genetic mutation. 
Identifying the underlying mutations in the causative 
gene can predict the prognosis of patients with FEVR. ROP 
tends to resolve naturally or with treatment, but FEVR is 
a lifelong disease. Even we know that the clinical charac-
teristics and risk factors between both diseases are differ-
ent; the clinical similarity makes differential diagnosis 
difficult, especially in FEVR patients who were born pre-
maturely. In such a scenario, patients could exhibit fea-
tures of FEVR or ROP or both and found to have a 
discrepancy between birth history and fundus appearance, 
thus ROPER/fROP was used to describe these patients 
under such conditions.
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7.1  Introduction

In regards to eye development, a particular Wnt pathway, 
Norrin-FZD4, has been identified as playing a major role in 
retinal angiogenesis. Signaling through this pathway is nec-
essary for the development and maintenance of retinal vascu-
lature [1–4]. Mutations affecting genes of this pathway can 
result in several pediatric vitreoretinopathies, such as Norrie 
disease (ND), familial exudative vitreoretinopathy (FEVR), 
and pseudo-glioma and osteoporosis syndrome [5–8]. Wnt 
pathway mutations also have been reported in Coats disease 
and persistent fetal vasculature (PFV) [9–12].

Retinopathy of prematurity (ROP) seldom reports to have 
an association of genetic mutation. However, some studies 
have identified Wnt pathway mutations such as FZD4, LRP5, 
and TSPAN12  in patients with advanced ROP [13–15] 
Mutations in both the NDP and FZD4 genes have been 
reported in ROP cases and make Wnt pathway mutations a 
candidate for developing severe ROP [14]. However, most 
ROP patients do not show any genetic mutation, in contrast, 
as high as 50% of FEVR patients are associated with known 
genetic mutations of the Wnt pathway [16, 17].

FEVR occurs in an X-linked (NDP), autosomal recessive 
(LRP5), or autosomal dominant inheritance pattern (FZD4, 
TSPAN12, ZNF408). Most reported cases of autosomal 
dominant FEVR have been associated with mutations in the 
FZD4 gene [18]. ROP and FEVR have overlapping pheno-
types, and premature birth history makes it difficult to dif-
ferentiate between both diseases. In the past, ROP is 
distinguished from FEVR by premature birth and the lack of 
a family history of retinal diseases (Table  7.1). But as 
advances in infertility technology and neonatal care improve, 
so does the survival rate of newborns. Therefore, more cases 
of premature infants with features of FEVR are recognized. 
Testing for FEVR genetic mutations is useful in patients with 
suspected FEVR and ROP.  Studies have shown that the 
[P33S(;)P168S] FZD4 variant is associated with FEVR and 
ROP [18, 19].
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Genetic testing may be beneficial to screen premature 
infants when we suspect a FEVR mutation [18]. Clinically, 
identifying the underlying mutations in the causative gene 
can help us manage the patient and predict the prognosis of 
the disease. Patients with positive gene mutation tend to have 
more severe phenotypes that progress and develop recurring 
retinal detachment. In ROP, acute progression to retinal 
detachment should be monitored more strictly and the suspi-
cion of ROPER/fROP should be entertained [19–21].

This chapter focuses on FEVR patients who are born pre-
maturely and exhibit features of FEVR, ROP, or both. 
Discrepancies between birth, family history, and fundus 
appearance should alert to the possible diagnosis of FEVR 
(Table 7.1 and Fig. 7.1). In such a scenario, ROPER/fROP 
was postulated to be used to refer to these patients.

Also staging in both diseases was compared in Table 7.2 
[22].

From characteristic features, FEVR can be distinguished 
from ROP by:

• Familial pattern
• Progression after birth in childhood or adulthood

Table 7.1 Characteristic features between FEVR, ROP, and fROP/ROPER

Characteristics FEVR ROP fROP/ROPER
Family history Familial pattern Negative family history Familial pattern
Birth history Normal birth weight and 

gestation
Low birth weight and gestation Mild premature and low birth weight

Progression Progression after birth in 
childhood or adulthood

Usually does not progress or recur in 
childhood

More aggressive progression after birth

Time course Variable time course, any time 
period after birth

The disease follows a predictable 
chronological time course

Acute onset of active diseases after birth and 
can progress in childhood

Oxygen 
exposure

Absence of supplementary 
oxygenation at birth

The cumulative exposure to 
supplemental oxygen

Absence of premature or positive oxygen 
exposure among the at-risk group

Fig. 7.1 Representative fundus photos of a male infant diagnosed with 
FEVR but born prematurely at GA 26 weeks, BW 900 g. Photo was 
taken at PMA 41 weeks, both eyes showing exudation, tractional retinal 

detachment, vascular anomalies posteriorly, and radial temporal retinal 
fold in the left eye, which resembled typical features of FEVR

Table 7.2 Staging of FEVR and ROP

Stage FEVR ROP
1 Avascular retinal periphery or 

anomalous intraretinal 
vascularization
1A: Without exudate or leakage
1B: With exudate or leakage

Demarcation line

2 Avascular retinal periphery with 
extraretinal vascularization
2A: Without exudate or leakage
2B: With exudate or leakage

Ridge with height 
and width

3 Extramacular retinal detachment
3A: Without exudate or leakage
3B: With exudate or leakage

Extraretinal 
fibrovascular 
proliferation

4 Macula-involving retinal 
detachment
4A: Without exudate or leakage
4B: With exudate or leakage

Partial retinal 
detachment
4A: Extrafoveal 
retinal detachment
4B: Foveal retinal 
detachment

5 Total retinal detachment
5A: Open funnel
5B: Close funnel

Total retinal 
detachment

A. Amphornphruet and A. M. Berrocal
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• Absence of severe prematurity (mostly older than 
28 weeks)

• Absence of supplementary oxygenation at birth
• Presence of more exudation and trend to reactivate or 

recur after treatment
• Asymmetric disease

With ROP:

• Mostly occurs as an acute disease after birth; stable after 
the acute episode.

• Premature with low birth weight/young gestational age.
• The disease follows a predictable chronological time 

course.
• Usually does not progress or recur in childhood.
• The cumulative exposure to supplemental oxygen.
• Usually symmetrical disease.

In premature infants who are not at risk for ROP, it is eas-
ier to identify features associated to FEVR rather than 
ROP. If the premature infant is at risk of ROP, many of the 
clinical features associated with FEVR may overlap with 
those commonly found in ROP, making a definite diagnosis 
of FEVR challenging (Figs. 7.2 and 7.3).

The management and follow-up of the two disorders are 
different, and both may lead to severe vitreoretinopathy with 
tractional detachments and potential blindness. Positive 
genetic testing results may support the diagnosis of FEVR, but 
it is important to remember that a negative result or negative 
family history does not rule out the diagnosis [23, 24] 
(Table 7.3). In FEVR, 50% of the cases have no known muta-
tion and a negative family history can simply signify a new 
mutation. Also, the follow up of these patients is quite differ-
ent. Patients with ROP require very close monitoring, espe-
cially at a certain gestational age. FEVR is a lifelong disease 

Fig. 7.2 Representative photos of a male infant diagnosed with fROP/
ROPER born prematurely at GA 29 weeks, BW 1330 g. Color fundus 
was taken at PMA 47  weeks. The right eye demonstrated stage 3 
ROP. The color fundus showed typical ridge tissue, retinal hemorrhage, 

and active neovascularization. Fluorescein angiogram demonstrated 
classic homogenous vascularization pattern at ridge tissue and focal 
leakage of neovascularization, which are more characteristic of ROP

7 Familial Exudative Vitreoretinopathy or Retinopathy of Prematurity
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that requires lifelong management. ROP is a disease that 
resolves naturally or with treatment. The management for 
fROP/ROPER is retinal photocoagulation to the avascular area 

as is in ROP. Anti-VEGF can be considered as an adjuvant to 
laser especially in cases when there is generalized leakage in 
the retinal vessels. Monitoring these cases with wide-field 
fluorescein angiography (WFA) is essential to diagnose early 
recurrences or progression of the disease to avoid tractional 
retinal detachments. If detachment occurs, scleral buckles 
alone or in combination with vitrectomies may be needed.

In one of the author’s centers, Queen Sirikit National 
Institute of Child Health (QSNICH), Bangkok, 125 cases of 
FEVR were reported during 2013–2017. Twenty-four 
patients (20%) were born prematurely, and angiographic 
testing showed characteristics of FEVR-like changes rather 
than ROP.  In premature infants with FEVR, 9/24 cases 
(37.5%) were at risk of ROP (GA </= 28  weeks or BW 
</=1500 g) whose mean GA was 27 weeks and mean birth 
weight 1460 g; 15/24 cases (62.5%) were not at risk of ROP 
whose mean GA was 37  weeks and mean birth weight 
2300 g. Berrocal et al. had reported 9 FEVR cases who were 
born prematurely with a mean GA of 30 weeks and mean 

Fig. 7.3 The same patient as Fig. 7.2: The left eye showed anomalous retinal vasculature posteriorly and the anomalous circumferential peripheral 
vessels, as well as the asymmetry between both eyes, making it more like FEVR. So, this case looks like a hybrid for both ROP and FEVR

Table 7.3 Differential diagnosis of premature infants with FEVR and 
ROP with fundus appearance

Clinical FEVR ROP
Exudation Any time period in early 

birth, often during the 
subsequent progression 
and reactivation.

Late stage of ROP, 
which are not signs of 
progression and 
reactivation

Retinal 
vascular 
change

More variation of 
vasculature with subretinal 
fluid, exudates, 
telangiectasias, and 
aneurysms.

Mostly follow a 
pattern of stage by 
stage progression

Posterior 
retina 
vasculature

Dragged appearance with 
peripheral traction in early 
active stage leading to 
advance stage

Dragged appearance 
in optic nerve and 
macula may be 
referred as regression 
of ROP
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birth weight 1226 g and showed these cases to be FEVR in 
the presence of prematurity. These studies aimed to show a 
better classification of these cases and the proposed name of 
ROPER (ROP vs. FEVR) for premature infants who behaved 
like FEVR cases [25, 26]. Drenser et al. termed this disease 
“fROP.” This subset of fROP/ROPER will have the risks of 
continual disease activity and will alter the treatment, fol-
low- up, and family counseling [12].

7.2  Widefield Fluorescein Angiography 
in ROP, FEVR, and fROP/ROPER

Imaging is important for the management of ROP and 
FEVR. The diagnosis of both FEVR and ROP are based on 
ophthalmoscopy or color photography findings, and WFA 
helps in identifying the early or flat neovascularization and 
more accurately identify the borders between vascular and 
avascular retina. WFA also allows for early identification of 
vascular changes that are not seen by ophthalmoscopy or 
color photography [27–29]. WFA is the best diagnostic tool 
particularly in eyes with atypical fundus findings in prema-
ture infants suspected of having ROPER.  It provides addi-
tional information by identifying angiographic characteristics 
of ROP versus FEVR-like syndrome or may contain features 
of both [29]. WFA is also useful in monitoring disease pro-
gression, regression, and treatment planning in pediatric vit-
reoretinopathies such as ROP and FEVR.

Characteristics of WFA in ROP [27, 28]:

• Vascular tuft formation
• Focal capillary dilatation
• Neovascularization and leakage
• Classic homogenous vascularization pattern at the ridge
• Arteriovenous shunting

Characteristics of WFA in FEVR [22, 23]:

• More vascular branching
• Venous–venous shunting
• Anomalous circumferential peripheral vessels
• Peripheral avascular abnormalities
• Supernumerous vascular abnormalities at the junction
• Central or peripheral telangiectasias
• Late phase disc leakage

Characteristic of WFA in fROP/ROPER [25, 26]:

• Contain features of both ROP and FEVR
• Irregular sprouts vascularization at the junction
• Distinct pruning of vessels
• Pinpoints areas of hyperfluorescence
• Segmental areas of vascular leakage

7.3  Conclusion

Both ROP and FEVR can exhibit dragged disc, ectopic mac-
ular, and pseudostrabismus due to fibrovascular tractional 
lesions from active avascular areas. If patients were born pre-
maturely less than 37 weeks and present with vascular reac-
tivity and demonstrate fresh exudation, leaky vascular areas, 
or asymmetric retinal findings, then FEVR is the more likely 
diagnosis. ROP is a disease of prematurity and resolves with 
time. The fundus features of adults with ROP complications 
are secondary to persistent avascular area, lattice degenera-
tion, rhegmatogenous components at the edge of treated ver-
sus untreated retina, or tractional retinal detachment from 
vitreous contraction. Patients with fROP/ROPER will con-
tinue to progress throughout their lifetime with exudation, 
neovascularization, vitreous hemorrhage, Coats-like 
response, tractional retinal detachment, and even vasoprolif-
erative tumor.

When not certain about the diagnosis of fROP/ROPER 
in premature infants who demonstrate more characteristics 
of FEVR than ROP in acute diseases, we recommend per-
forming fluorescein angiography and genetic testing. This 
allows for a better understanding of the clinical presenta-
tion of the patient. A definite diagnosis will lead to better 
management of the patient and the prevention of visual 
compromise. fROP/ROPER tends to pose a continuing risk 
of progression and reactivation which is unlike classic ROP 
that is mostly stable after the resolution of active disease. 
The best advice is that if it is not behaving like ROP, think 
of FEVR.
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Telemedicine in Retinopathy 
of Prematurity

Anand Vinekar and Shivani Sinha

Abstract

Telemedicine has been used worldwide in several medical 
specialties including Ophthalmology. However, its use in 
infant eye screening especially for Retinopathy of 
Prematurity (ROP) has been more limited. Ironically, it is 
for this disease entity wherein telemedicine promises pos-
sibly the highest benefit. A short time window of screen-
ing, a standard classification of the disease, specially 
designed infant retinal cameras and lossless image trans-
fer tools make this feasible. Furthermore, the lack of 
trained experts and the large number of infants that require 
screening in the outreach make “tele-ROP” an attractive 
prospect. Yet, its relatively poor adoption can be attrib-
uted to several real-world challenges like the cost of the 
technology, cost of implementation, cost benefit, and 
medicolegal concerns. Drawing from the experience of 
over 150,000 infant screening sessions in the “KIDROP- 
Tele-ROP” program in India, this chapter addresses these 
challenges and suggests possible solutions for a wider 
expansion.
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Telemedicine (TM) is a subset of telehealth aimed to address 
uneven distribution and shortage of human resources and 
infrastructure in delivering primary or secondary healthcare. 
It employs communication networks to provide healthcare 
services and/or medical education to another geographic 

location [1]. Telemedicine in radiology is in vogue for over 
five decades. Its uptake in other fields of medicine has 
become increasingly popular with the advent of image-based 
documentation and the ubiquitous internet.

Telemedicine in ophthalmology has been used especially 
in the screening and management of retinal disorders. A 
meta-analysis concluded that digital imaging techniques 
combining mydriasis with wide-field imaging can be effec-
tively used for diabetic retinopathy (DR) screening [2]. It has 
also been used in the evaluation of the optic nerve, visual 
fields, and nerve fiber layer analysis. Increasingly, no oph-
thalmic subspecialty is untouched by telemedicine [3]. In 
middle-income countries like India, the telemedicine model 
has been successfully used for DR screening using non- 
mydriatic fundus photography captured on low-cost, porta-
ble, indigenous cameras that provide screening, especially in 
the rural areas [4, 5]. Telemedicine in pediatric retinal dis-
eases, with a special focus on Retinopathy of prematurity 
(ROP) has evolved more recently and will be the focus of 
this chapter.

8.1  Telemedicine in Retinopathy 
of Prematurity

ROP appears to fulfill the criteria described by Wilson and 
Jungner [6] for screening a disease of public health impor-
tance. These include the fact that it is an important health 
problem in a defined population subset, with a natural his-
tory that is studied, an accepted diagnostic test, treatment, 
and an agreed policy on who to treat. Importantly, case find-
ing should be a continuous process and not a “once and for 
all” project.

ROP is one of the leading causes of preventable infant 
blindness in the world especially plaguing middle-income 
countries. Indirect ophthalmoscopy was regarded as the gold 
standard for screening. However, with the increasing number 
of infants requiring screening and a scarcity of ROP special-
ists, other models of screening have been suggested and used 
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around the world. (Table 8.1) [7] There has been an evolution 
from “proof of concept” regarding the use of telemedicine in 
ROP to real-world scenarios. A report by the American 
Association of Ophthalmologists AAO concluded that wide- 
angle digital fundus photography can complement standard 
ROP care. It provides objective documentation of clinical 
examination findings, improved recognition of disease pro-
gression by comparing previous photographs and opportuni-
ties for education and research [8, 9].The advantages of 
telemedicine in ROP are listed in (Table 8.2).

Telemedicine for ROP uses remote digital fundus imag-
ing (RDFI). The concept was first proposed in 1999 [10]. It 
used the store and forward, “hub and spoke” model. The 
images were obtained from the neonatal intensive care unit 
(NICU) and stored and then uploaded via the Internet. The 

images were then received and interpreted by the grader. 
Multiple NICU served as the spoke while the reader serves 
as the hub [11]. Ells et al. defined two important concepts for 
RDFI, i.e., “standardized fundus imaging” and “referral war-
ranted ROP.” The standardized fundus images consisted of 
five images captured for each eye; these included posterior 
pole, temporal, nasal, superior, and inferior retinal fields. 
Referral-warranted ROP (RW-ROP) was defined as: any 
ROP in zone 1, the presence of plus disease, or the presence 
of any stage 3 ROP [12]. The PHOTO ROP trial gave another 
set of six standard images used widely [13, 14]. Six images 
consisted of five images from the study of Ells et al. and one 
external iris photograph. Lorenz et  al. used the term “sus-
pected treatment-requiring ROP” (STR- ROP) which 
included threshold ROP zone II, pre-threshold ROP zone I 
(type-1 ROP according to ETROP). Importantly, some ROP 
requiring treatment are not reliably gradable from the images 
[15]. Comparing both RW-ROP and STR-ROP eyes that 
finally received laser therapy, a different referral pattern 
emerged. In the study by Ells et al., only 43.5% of eyes with 
RW-ROP (10/23 eyes) received laser therapy compared to 
88.2% of the eyes with STR-ROP in the study by Lorenz 
et  al. (30/34). The wider definition of RW-ROP by Ells 
ensures a higher level of safety but considerably lowers the 
positive predictive value as to STR-ROP.

The KIDROP model is an example of a highly successful 
RDFI tele-ROP model in a middle-income country [16–18]. 
The model employs accredited non physicians to image, 
grade, and report ROP while in NICU. The reporting based 
on triage using a decision-based algorithm of “red,” 
“orange,” and “green” groups which represent patients 
requiring treatment, needing follow-up, or fit for discharge, 
respectively. These are based on the ETROP classification 
and creates a wider safety net. Images captured are uploaded 
on the cloud and are accessible on the smartphones of ROP 
specialists located remotely. Another layer in the safety net 
is that infants are discharged from screening only if “mature 
retina” appears, i.e., the vascularization noted up to the ora 
serrata is documented in two successive visits between 41 
and 45 weeks postmenstrual age. The KIDROP model dif-
fered from other programs in: (1) non- physicians are 
allowed to report and analyze the images as the first point of 
contact, thereby providing the diagnosis and decision to the 
rural mother before she leaves the center; (2) indirect oph-
thalmoscopy is not mandated before an infant can be dis-
charged from screening; and (3) the program aims at 
detecting any stage, not just treatment-requiring disease. 
This differs from other programs that used referral-war-
ranted or treatment requiring ROP as their end-point [12, 
15]. Table 8.3 compares various RDFI model. However, cur-
rently, telemedicine techniques amount to only 21% of ROP 
screening services [25].

Table 8.1 Traditional and emerging models of ROP screening (adapted 
from: The National Health and Medical Research Council (NHMRC, 
Australia) report based on the Center for Disease Control (CDC) guide-
lines) [7]

Pros Cons
Tele-imaging model Works well for 

a large number 
of at-risk 
population
Imaging and 
reporting 
possible with 
non-physicians

Camera cost Technological 
restraints
Administrative support 
needed to protect the 
imaging staff and the 
infant

Ophthalmologist- 
led model in district 
hospitals

Has been the 
standard 
examination for 
many years
cost-effective

Insufficient ROP 
specialists
Evidence to show it works 
well in large-population 
settings is limited Not a 
compliant model, as 
shown in the Mexican 
experience

Pediatrician-led 
model (Gilbert 
et al.)

Images can be 
taken by the 
resident nurses 
or doctors
Ensures all 
infants are 
screened

Every neonatal unit 
requires its own camera 
and a leader to take 
charge.
Needs multidisciplinary 
coordination

Table 8.2 Advantages of telemedicine in ROP

Photo-documentation allows:
    1.  Objective evaluation
    2.  Longitudinal comparison
    3.  Second opinion
    4.  Evaluating response to treatment
    5.  Easy and effective counseling of parents/guardians
    6.  Educational opportunities
    7.  Leveraging the trained ophthalmologist for treatment 

requiring ROP
    8.  Medicolegal protection
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8.2  Challenges in Tele-ROP

The challenges in the promotion of Tele-ROP screening in 
ROP have been summarized in Table  8.4 and have been 
addressed below:

 1. Cost of the implementation of an ROP program 
involves: (a) the cost of the camera and the viewing soft-
ware and the maintenance of the equipment; (b) human 
resource training; (c) salaries of the imaging and grading 
teams; (d) recurrent transport costs of the device and 
team; and (e) cost of the consumables.

 (a). Cost of the camera: Cameras currently available for 
telemedicine screening in ROP are relatively expensive. 
Most tele-ROP programs have used the RetCam family 
of products, most commonly the RetCam Shuttle 
(Formerly Clarity Medical Systems, USA, now Natus, 
USA). More recently, the “3Nethra Neo” developed in 
India is a more affordable option [26]. The “Neo” is a 
wide-field camera providing a 120-degree field of view 
and has some advancements in the liquid lens system to 
dynamically focus the image, an LED light source, and 
an integrated lens hand piece. The image resolution is 
better at 2040  ×  2040 pixels when compared to 
1800 × 1600 of the RetCam Shuttle. The images are a 
“square” which provides an extra arc of the superior and 
inferior retina which are lost in images from the 
RetCam’s rectangular images. The “Neo” has been 
evaluated as an ROP screening tool by comparing it 
with images from the RetCam. Sensitivity of 97–99% 
and specificity of 75–81% were reported for diagnosis 
and decision from a cohort of preterm infants [27]. The 
systemic and ophthalmic safety of the camera have been 
established [26]. A novel smartphone-based fundus 
camera with the ability to image peripheral retina has 
been reported to be useful in imaging infants with ROP 
[28]. Comparison of the three camera systems is sum-
marized in Table 8.5.

 (b). Cost-effectiveness: Besides the cost of the camera, 
other recurrent costs include training and certification of 
the imagers, costs involved in data capture, storage and 
transfer while adhering to HIPAA and other regulatory 
requirements, financial compensation of the imagers 
and the cost of transport which would vary depending 

on the number of centers and the size of the geographic 
zones.

Telemedicine pricing has normalized costs across 
geographic areas. Pricing variation in the local market 
tends to normalize when the number of service provid-
ers increases and compete among themselves. The 
availability of more affordable ROP cameras in the last 
5 years is an example in this regard.

NICUs often have contracts with local ophthalmolo-
gists to perform ROP screening using indirect ophthal-
moscopy. The cost of hiring includes being paid for 
work and also for the perceived risk of medicolegal lia-
bility. With the increasing trend in the latter, there has 
been a decline in the number of specialized ophthalmol-
ogists willing to screen. A survey indicated that there 
was difficulty in retaining or maintaining screeners for 
ROP in NICU [25]. A survey by the AAO reported that 
only 76% of the specialists providing ROP screening 
services intended to continue forward [29]. This leads to 
failure of the NICU to hire screening specialists. In 
developing countries like India, there are less than 200 
ROP specialists to screen an overwhelming number of 
preterm infants [30]. This leads to an inefficient screen-
ing model which is both time consuming for the screen-
ing physician and expensive to the service provider.

The cost-effectiveness of the tele-screening model 
over indirect ophthalmoscopy has been established pre-
viously [31]. A Hungarian tele-screening program con-
cluded that bedside screening with remote interpretation 
was more cost-saving than transport-based screening 

Table 8.4 Challenges in tele-ROP programs

Cost of implementation
Logistics of screening in the NICU
Quality and resolution of images
Training and accreditation of imagers
Medicolegal aspects and regulations
Government and legislative support

Table 8.5 Comparison of commercially available ROP cameras

Retcam shuttle 
(Natus, 
Pleasanton, CA)

3Nethra Neo 
(Forus Health, 
India) MII Ret Cam

Cost 120,000 (in 
India)

22,000 USD 
(in India)

USD 350

Portability Can be 
transported in 
a vehicle

More portable, 
needs a 
smaller 
vehicle

Portable

Resolution 1800 × 1600 2040 × 2040 Variable
Field of 
imaging

130 120 Can image 
wide-field

Weight of 
hand piece/
device

Depends on 
the lens used

310 gm 
(handpiece 
with integrated 
lens)

150 gm 
(device)

Mydriatic/
Non 
mydriatic 
camera

Mydriatic 
camera

Mydriatic 
camera

Mydriatic 
camera

Capability Integrated into 
tele-ROP 
programs

Integrated into 
tele-ROP 
programs

Useful in image 
documentation

Certification FDA & CE FDA & CE Not available
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with indirect ophthalmoscopy from the perspective of 
the service provider and also the return on initial (ROI) 
investment recovered within 5 years after the project 
initiation [32].

 (c). Image quality and resolution: Image quality plays a 
very important role in grading of ROP effectively and 
reliably. Ungradable images ranged from 8% to 21% 
among the published studies [13, 33].

Factors affecting the image quality are small palpe-
bral fissure, suboptimal pupil dilatation, darkly pig-
mented fundi, poor contrast, corneal and vitreous haze 
due to extreme prematurity, cataract, vitreous hemor-
rhage, hyaloid reminant, retinal pigment epithelium 
thickness, choroidal blood vessels, and motion arti-
facts. Better image quality and a large number of 
images have been found to be associated with greater 
sensitivity for detecting RW-ROP. Repeated imaging or 
referral for standard ROP examination was suggested 
when less than four acceptable quality images were 
obtained [34]. Newer ROP cameras have better resolu-
tion of 2040 × 2040 compared to previously available 
RetCams [26].

Another method to improve image quality is by 
image enhancement. RetiView is a noninvasive and 
inexpensive method of customized image enhancement 
[35]. It helps to detect clinically difficult characteristics 
in APROP images and can influence treatment planning. 
Various image processing techniques like Gabor filter, 
Canny’s method, and geometrical methods, study 
changes in the characteristics of the major temporal 
arcade and provides good accuracy in computer-aided 
diagnosis of plus disease [36] especially useful in 
APROP [37].

 (d). Training and accreditation of imagers: Non- physician 
imagers form the backbone of any tele-ROP program. 
Reports suggest that non-physician graders after being 
trained and certified can detect ROP with good intra- 
grader and inter-grader consistency and minimal tempo-
ral drift. Various successful programs have used imaging 
personnel ranging from physician to non-physician 
imagers are summarized in Table  8.3. The KIDROP 
STAT (Score for Training and Accreditation of 
Technicians) was developed to train and certify imag-
ers. This comprises of three levels (I, II, and III) and has 
a 20 point score, which tests the knowledge, skill, and 
practice patterns of the imager in their native setting. On 
average, training a new imager can take between 30 and 
90 working days. The training period has been consider-
ably shortened after the introduction of online training. 
The online platform “WISE-ROP” (Wide-field Imaging 
for Screening and Education for ROP) has several train-
ing modules based on the onsite training curriculum 
[38, 39]. Imagers read and undergo self-assessment 

quizzes at the end of each module. Video sessions and 
viva voce to correct the technique and practical difficul-
ties are scheduled with an assigned mentor. Skill is 
graded as per the STAT-Score levels and tested before a 
completion certificate is awarded [16, 39].

 (e). Medicolegal liability and regulation: Medicolegal 
liability assumes importance in telemedicine in ROP 
where compensation awarded runs in millions of dol-
lars [40]. In India, US$350,000 has been awarded as a 
compensation against a government tertiary hospital 
for not providing “timely ROP screening.” To date, no 
lawsuit related to tele-ROP screening has been 
reported. But with increasing telemedicine practice, 
the risks are bound to increase. The laws governing 
telemedicine are poorly defined and differs widely 
among countries. The regulations regarding the duties 
and responsibilities of ophthalmologists in telemedi-
cine are also not defined. The joint technical report by 
the American Academy of Paediatrics, the American 
Academy of Ophthalmology, and the American 
Academy of Certified Orthoptists have outlined rele-
vant practical and risk management considerations 
that should be followed when including imaging-based 
ROP care [9]. The obligation of the ophthalmologists 
interpreting images for a reading center but not provid-
ing ROP care at the hospital is also not defined. 
Tracking and follow-up of these infants must be a joint 
responsibility between the pediatrician and ophthal-
mologist until the acute screening and/or treatment is 
completed. The National Health and Medical Research 
Council (NHMRC, Australia) report based on the 
Center for Disease Control (CDC) guidelines [7] on 
the KIDROP program noted that “regressing back 
from the current model of tele-imaging to indirect 
ophthalmoscopy performed by inadequately trained 
ophthalmologists is fraught with the danger of sub-
optimal management of ROP care.” [7] This under-
lines the importance of accreditation and validation of 
ROP caregivers.

 (f). Government and financial support: To maintain a 
successful tele-ROP model regulatory, logistic and 
financial support from the government are important. 
Unfortunately, not many tele-ROP programs are sup-
ported by the government. The KIDROP model in India 
is an example of public–private partnership. The 
national telemedicine network for retinopathy of pre-
maturity screening in Chile has been funded by the gov-
ernment [22]. National Task Force of ROP in India is an 
apex body that regulates and promotes such activities. 
In India, the operational guidelines for ROP from the 
National Task force (2018) for the first time recommend 
image-based screening as a viable alternative for ROP 
screening to indirect ophthalmoscopy. More participa-
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tion is needed from the state and federal government to 
promote ROP care in the public health delivery system.

The Future of Tele-ROP Artificial intelligence (AI) 
appears as a relatively cost-effective alternate accessible 
screening modality that is being explored in ophthalmology. 
FDA has recently approved the first autonomous AI system 
to provide a diagnostic decision independent of human grad-
ers and also checks the image quality [41]. Remidio AI-based 
software can make the diagnosis of sight-threatening dia-
betic retinopathy with high sensitivity [42].

It is intuitive to expect that AI in ROP has a good poten-
tial. ROP compared to DR is relatively limited by retinal 
findings but the complexity lies in the urgency of interven-
tion in type 1 ROP and in the management of systemic 
comorbidity in a neonate compared to adults with 
DR.  Deep convoluted neural network (CNN) models to 
identify plus disease have already been investigated [43]. 
Recently CNN models accurately assessed retinal fundus 
image quality in ROP in a manner comparable with the 
experts [44]. The i-ROP deep learning (DL) system has 
been found to accurately identify diagnostic categories and 
overall disease severity in an automated fashion. This 
iROP DL system has only been trained on posterior pole 
vascular morphology [45]. The data provides a proof of 
concept that a deep learning system can be used in an auto-
mated fashion to diagnose ROP.

A significant advantage of ROP screening with imaging, 
rather than indirect ophthalmoscopy lies in the documenta-
tion of other non-ROP conditions. In a study of 1450 preterm 
infants screened by the KIDROP program, 7.7% had a diag-
nosis other than ROP, which included conditions as severe as 
retinoblastoma [46]. Furthermore, the program has expanded 
to provide “universal screening,” for full-term, healthy 
infants consistent with the government’s universal health 
coverage program. In a study of 1021 term infants imaged 
within 3 days of birth showed that 4.7% had an abnormality, 
1.6% required medical or surgical intervention [47].

Impact of Tele-ROP An impact assessment of scaling up 
the image-based tele-ROP program in India showed that in 
the 10 high-risk ROP states, with a population of roughly 
680 million, over 35,000 infants would be detected with 
ROP and over 1200 need treatment annually. The financial 
saving in “blind-person-year” (BPY) is estimated at USD 
108 million [24]. The United Nations Development Program 
(UNDP) report on the tele-imaging program [48] and the 
National Health and Medical Research Council (NHMRC, 
Australia) report based on the Center for Disease Control 
(CDC) guidelines [7] on the KIDROP program, strongly 
suggest that wide-field imaging is likely to become the new 
gold standard in ROP screening for Indian and other nations 
with similar ROP demographics.
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Optical Coherence Tomography 
in Retinopathy of Prematurity

Xinxin Zhang and Lejla Vajzovic

Abstract

Retinopathy of prematurity is a vasoproliferative condi-
tion characterized by abnormal vascularization of the ret-
ina which may lead to tractional retinal detachment. 
Timely screening and treatment with laser and/or anti- 
vascular endothelial growth factor agents help prevent 
blindness. While bedside indirect ophthalmoscopy 
remains the gold standard for screening, optical coher-
ence tomography has emerged as a new modality for 
understanding the pathogenesis of retinopathy of prema-
turity, providing in-vivo monitoring, and evaluating sub-
clinical findings. This chapter provides an overview of 
optical coherence tomography in retinopathy of prematu-
rity, including available models and adjustments in the 
neonatal population, differences between preterm, term 
and adult foveal anatomy, current usages of optical coher-
ence tomography in retinopathy of prematurity as well as 
descriptions of popcorn retinopathy, macular edema, vit-
reous bands on imaging.

Keywords

Retinopathy of prematurity · Spectral-domain optical 
coherence tomography · Preretinal tissue · Plus disease · 
Vitreous bands · Macular edema of prematurity

9.1  Introduction

Retinopathy of prematurity (ROP) is a disease of premature 
and/or low birth weight infants, characterized by incomplete 
retinal vascularization, retinal ischemia, subsequent abnor-
mal neovascularization, and eventually tractional retinal 
detachment if left untreated. Given timely screening, treat-

ment with laser photocoagulation and/or anti-vascular endo-
thelial growth factor agents prevent blindness.

Grading of disease depends on the location or zone of 
involvement, severity, or stage of disease, extent of disease, 
and presence or absence of plus disease [1]. The location of 
pathology is described as zones I, II, or III (Fig. 9.1). Zone I 
consists of a circular area with the optic disc as the center 
and a radius of twice the distance between the optic disc and 
the macula center. Zone II is an extension of Zone I to the 
nasal ora serrata. Zone III consists of the remainder of the 
temporal retina. The severity of disease is described in stages 
from stage 0 to stage 5.

Stage 1 consists of a demarcation line that distinguishes 
the vascular retina from the avascular retina. Stage 2 shows 
the formation of a ridge, and small isolated extraretinal neo-
vascular tufts may be present. Stage 3 is characterized by 
extraretinal fibrovascular proliferation that grows from the 
ridge into the vitreous. Stage 4 involves partial retinal detach-
ment that is either extrafoveal (4A) or fovea-involving (4B). 
Stage 5 shows a total retinal detachment. The extent of dis-
ease is the number of clock hours involved. Plus disease con-
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sists of venous dilation and arteriolar tortuosity in at least 
two quadrants [1].

The gold standard for screening is bedside indirect oph-
thalmoscopy, though other modalities such as fundus pho-
tography can be useful supplements. Current screening 
criteria for ROP includes all infants with a birth weight 
below 1500 g or gestational age of less than 30 weeks. Infants 
with birth weights between 1500 g and 2000 g or gestational 
age greater than 30 weeks who have had unstable clinical 
courses or additional risk factors should also be screened [2].

Screening for ROP begins at either 4 to 6 weeks after 
delivery or 31 to 33 weeks postmenstrual age, whoever inter-
val comes later [2]. Follow-up time intervals range from less 
than 1 week to 3 weeks depending on the severity of the dis-
ease found [2]. Screening may cease when full retinal vascu-
larization close to the ora for 360 degrees has been achieved, 
the patient has reached a postmenstrual age of 50 weeks 
without detection of prethreshold disease or worse ROP, 
there is regression of ROP, or if there is vascularization of 
zone III without previous zone I or II ROP [2].

9.2  SD-OCT

Spectral-domain optical coherence tomography (SD-OCT) 
uses light interference to produce a cross-sectional image of 
the anatomy of interest. Various table-top and portable 
SD-OCTs are available; however, there is logistical and phys-
ical difficulty in examining uncooperative young patients and 
unstable neonates in the intensive care unit [3]. The Envisu 
(Bioptigen, NC, USA) model is a handheld device that can be 
used in the office, in the unit, and in the operating room. The 
advantages of SD-OCT include lack of contact, short imaging 
time, and the ability to evaluate without  anesthesia. 
Adjustments of imaging protocols such as using shorter scan 
lengths for shorter axial length, reducing the number of 
A-scans to avoid unnecessary light exposure, and correcting 
reference arm position to avoid excessive magnification can 
all help produce higher quality images in the neonatal popula-
tion [3]. Maldonado et al provides a reference table for age-
specific corrections in neonates and infants to improve image 
quality [4]. Specific protocols have been proposed to reduce 
imaging time and patient discomfort [4].

9.3  OCT Difference Between Adult, Term 
and Preterm Infants

There are a number of differences between the eyes of adults, 
term infants, and preterm infants found on OCT imaging 
(Fig. 9.2). As the eye develops, the inner retinal cells migrate 
outward from the fovea, photoreceptor layers grow inward 
toward the fovea and the foveal photoreceptor layer thickens 

[5, 6]. Compared to term infants, preterm infants have 
delayed development of photoreceptor inner and outer seg-
ments, specifically delayed appearance of the ellipsoid zone 
in the foveal center and a greater mean distance between the 
foveal center to the ellipsoid zone [7]. Compared to adults, 
preterm infants have shallower foveal depression, persistent 
inner retinal layers, and shorter foveal photoreceptors [6, 8].

Pathology discovered on SD-OCT in infants may prog-
nosticate subsequent visual outcomes. For instance, Rothman 
et al. found that children who had macular edema on SD-OCT 
in infancy had worse visual outcomes compared to those 
who were not found to have macular edema on SD-OCT in 
infancy [9].

9.4  OCT in ROP

SD-OCT allows for in vivo, cross-sectional analysis and can 
provide subclinical details undetected by indirect ophthal-
moscopy. For instance, Lee et al. performed SD-OCT during 
routine bedside ROP screenings and found macular cystoid 
structures in 39% and epiretinal membranes in 32%, none of 
which were apparent on indirect ophthalmoscopy [10]. 
Advanced image processing techniques such as segmenta-
tion allows for detailed analysis of specific retinal layers 
[11]. While SD-OCT does not replace gold standard bedside 
indirect ophthalmoscopy for evaluation of ROP, particularly 
in more peripheral disease, OCT has advanced the under-
standing of subclinical disease processes in ROP and enabled 
in-vivo monitoring of microstructure evolution that has pre-
viously only been detectable on histopathology [3, 10].

The hallmarks of each stage of ROP development have 
been described in greater detail using OCT. In stage 1 dis-
ease, the posterior vascular retina shows three inner layers on 
OCT whereas the anterior avascular retina has one hyperre-
flective layer [12]. The ridge in stage 2 disease can be seen 
on OCT as a homogenous thickening of the inner hyperre-
flective band, with occasional small elevated tufts of prereti-
nal tissue that is likely early pathologic proliferation [12]. 
Stage 3 disease shows significant thickening of the hyperre-
flective band and more marked preretinal elevations, some-
times with inner retinal split and focal vitreous traction [12].

OCT can also be used to monitor treatment response, sim-
ilar to adult disease processes like neovascular age-related 
macular degeneration. OCT before and after anti-VEGF 
injection in stage 3 disease showed reduced thickness of 
inner retinal layers, decreased neovascular elevations, and 
further extension of three-layered inner retina [12]. OCT can 
also detect subtle progression despite treatment, such as 
early tractional retinoschisis in progressive ROP despite 
laser photocoagulation [13].

A number of specific subclinical SD-OCT changes have 
been found in infants during ROP screening, including cys-

X. Zhang and L. Vajzovic



69

a

b

c

Fig. 9.2 SD-OCT images showing normal foveal anatomy of a prema-
ture neonate, full-term neonate, and an adult. (a) shows foveal anatomy 
of a 31 weeks postmenstrual age neonate. Note the persistent, distinct 
nerve fiber layer, ganglion cell layer, and inner plexiform layers at the 
foveal center. The photoreceptors structures, including the external lim-
iting membrane, inner segment/outer segment junction, and outer seg-
ments are not seen. The foveal depression is more shallow and the inner 
retinal layers are thicker compared to the outer retinal layers. With 
development, the ganglion cell layer, inner plexiform, and inner nuclear 
layers migrate centrifugally whereas the photoreceptors migrate cen-
tripetally. (b) shows the foveal anatomy of a 40-weeks postmenstrual 
age neonate. Compared to (a), the ellipsoid zone is developed in the 

periphery, and in the foveal center, the inner retinal cells are migrating 
centrifugally from the foveal center, and the foveal depression is deep-
ened. The inner retinal layers now appear thinner than the outer retinal 
layers at the foveal center. The fovea continues to mature over the next 
decade as continual cone packing and elongation at the foveal center 
occurs. (c) shows the foveal contour of a 72-year-old adult. The foveal 
contour is deep and the inner retinal layers are thin and indistinguish-
able at the foveal center. Abbreviations: NFL nerve fiber layer, GCL 
ganglion cell layer, IPL inner plexiform layer, INL inner nuclear layer, 
OPL outer plexiform layer, ONL outer nuclear layer, ELM external lim-
iting membrane, EZ ellipsoid zone, IZ interdigitation zone, RPE retinal 
pigment epithelium. Images courtesy of Dr. Xi Chen
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toid macular changes, vitreous changes, preretinal tissue and 
plus disease vascular changes [3, 12, 14, 15]. Each entity is 
described in detail below.

9.4.1  Macular Edema

Hyporeflective cystoid spaces at the inner nuclear layer level 
is a frequent finding in premature infants and infants with 
ROP (Fig. 9.3) [16–18]. This entity has been termed macular 
edema of prematurity (MEOP), as it is not typically found in 
full-term infants, though there may be some racial variation 
[19, 20]. Of the multiple phenotypes found, vertically elon-
gated cysts with a “bulging” foveal contour is common [16]. 
Vinekar et al. characterize this dome-shaped bulging fovea 
with intraretinal cystoid spaces separated by vertical septae 
as “pattern A,” and also describe a “pattern B” cystoid macu-
lar edema which shows multiple confluent hyporeflective 
spaces with a more preserved foveal depression [21]. The 
presence of MEOP has not been found to be associated with 
ROP outcomes and does not appear to be correlated with the 
ROP stage [18]. However, eyes with plus disease, stage 3 
ROP, and the need for laser treatment have been found to 
have increased central foveal thickness which is induced by 
the macular edema [16]. Furthermore, very preterm infants 
who had cystoid macular edema were found to have poorer 
motor and language skills compared to those who did not 
[22]. It has been hypothesized that since the retina represents 
an extension of the CNS, cellular and developmental events 
occurring elsewhere in the CNS may manifest in the neuro-
retinal tissue [22].

9.4.2  Vitreous Pathology

Tractional vitreous bands may be visualized in advanced 
ROP during vitrectomies. Zepeda et al. used handheld OCT 
during ROP screenings and found hyperreflective vitreous 
opacities or vitreous bands in 71% of participants [15]. 
Vitreous band presence is associated with hyperreflective 
opacities (Fig. 9.4) [23]. They found an association between 
the presence of vitreous bands and the presence of epiretinal 
membranes as well as cystoid macular edema, which sug-
gests a tractional component in the pathogenesis of these 
entities. There was no association between vitreous band 
detection and ROP severity [15].

a

b

c

Fig. 9.3 SD-OCT images showing varying degrees of cystoid macular 
edema in approximately 38-weeks postmenstrual age infants. (a) shows 
mild cystoid macular edema with hyporeflective cystic spaces in the 
inner nuclear layer with vertical hyperreflective septae, with minimal 
changes to foveal contour. (b) shows moderate cystoid macular edema 
with vertical elongation of cystic spaces and “bulging” foveal contour. 
(c) shows severe cystoid macular edema with marked bulging of the 
foveal center. Images courtesy of Dr. Xi Chen
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9.4.3  Popcorn Retinopathy/Extraretinal 
Tissue

The International Classification of ROP makes note of iso-
lated neovascular tufts on the retinal surface found close to 
the ridge in stage 2 ROP [1], which has been confirmed on 
OCT (Fig. 9.5) [12, 24]. The presence of these isolated tufts 
(also known as “popcorn”) has been associated with 
increased risk of zone II, stage 2 disease progressing to stage 

3, as well as the development of plus disease and require-
ment of laser treatment [14]. SD-OCT provides a monitoring 
modality for these lesions.

9.4.4  Plus Disease

The presence of plus disease is an indication for laser treat-
ment, and the presence of pre-plus disease (a lesser degree 
of vascular dilation and tortuosity) is associated with the 
progression of disease requiring laser. However, there is a 
degree of subjectivity even among experienced examiners 
[25]. OCT can provide anatomical details of vessel changes 
in plus and pre-plus disease and possibly aid in more objec-
tive differentiation between these clinical entities [3]. OCT 
is able to evaluate vessel elevation, hyporeflective vessels, 
and scalloped retinal layers which were significantly associ-
ated with plus disease (Fig.  9.5) [26]. Maldonado et  al. 
describes a Vascular Abnormality Score by OCT (VASO) 
which weighs these characteristics based on common versus 
uncommon features, and found significantly higher VASO 
in premature infants with plus disease compared to those 
with ROP but without plus disease [26].

Moreover, traditional evaluation of plus disease depends 
on the en face view of the posterior pole by indirect oph-
thalmoscopy or photography, whereas cross-sectional 
SD-OCT images allow an additional dimension of analysis. 
For instance, anterior to posterior vessel dilation and tortu-
osity may be better appreciated on continuous cross-sec-
tions [26].

9.4.5  Foveal Involvement

SD-OCT also aids in the differentiation between stage 4A 
(extrafoveal) and 4B (foveal-involvement) ROP.  Foveal 
abnormalities may impact outcomes in patients with 4A dis-
ease and impact treatment outcomes despite anatomic suc-
cess of detachment repair [27].

Fig. 9.4 SD-OCT image showing hyperreflective vitreous opacities 
(yellow arrows) in a 39-weeks postmenstrual age infant. Images cour-
tesy of Dr. Xi Chen
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Fig. 9.5 SD-OCT (left) and en face OCT SVP images (right) of a 
43-week-old postmenstrual age infant showing plus disease with dila-
tion and tortuosity and peripheral neovascularization with plaque for-
mation confirming stage 3 ROP. The green line on en face OCT SVP in 
the right column indicates slice location of SD-OCT on the left. (a1) 
shows vessels (white arrows) and “popcorn retinopathy” (yellow 
arrow). This preretinal neovascular tissue may be present in stage 2 
ROP. (b1) shows vessels (white arrows) and preretinal neovascular 
plaques (red arrow) indicative of stage 3 ROP. (c1) shows dilated, ele-
vated vasculature (white arrows) with hollow surrounding and continu-

ation of the same plaque shown in b1 (red arrow). The vessels are 
elevated with subsequent distortion of the retinal layers, which pro-
duces a scalloped appearance of the retinal layers. In c2 at the green 
line, the vessel of interest appears more dilated compare to surrounding 
vessels. The VASO score proposed by Maldonado et  al. takes into 
account vessel characteristics including mild versus severe elevation, 
retinal layer scalloping involving the inner plexiform layer versus outer 
plexiform layer, any presence of hyporeflective vessels, and any pres-
ence of retinal spaces to give a unified score of vessel abnormality. 
Images courtesy of Dr. Xi Chen

a1 a2

b1 b2
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9.5  Conclusion

SD-OCT offers in vivo monitoring of retinal structure over 
time and can identify subclinical details not visible on indi-
rect ophthalmoscopy in ROP.  Adapted models and tech-
niques improve the ease and efficacy of imaging in the 
neonatal population.
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FA in ROP

Noriyuki Azuma

Abstract

Fundus fluorescein angiography is useful to evaluate the 
advancement and effect of treatment of ROP. The findings 
to focus on are: position and extent of pathologic vascular 
proliferation, activity of fibrovascular proliferation, 
angioplany of the retina, absence of capillary network of 
the retina, extent of photocoagulation, and stabilizing of 
the vascular activity after treatments.

Keywords

Fluorescein angiography · Pathological new vessel · Plus 
disease · Retinal detachment · Aggressive posterior ROP 
· Photocoagulation · Vitrectomy

Because retinopathy of prematurity is a vascular disease, 
fundus fluorescein angiography (FFA) is an essential tool to 
evaluate the condition of the disease. Pathological new ves-
sels, retinal capillary network, and circulation dynamics are 
much more accurately observed with FFA than routine oph-
thalmoscopy and fundus photography. Minimal new vessel, 
capillary dropout, activity, or stabilization of vascular prolif-
eration are often determined by only FFA.

Advantages and points to be evaluated with FFA are as 
follows:

• Position and extent of pathologic vascular proliferation
• Activity of pathologic vascular proliferation, identified by 

leakage of fluorescein dye
• Vascular pattern of the retina, including abnormal branch-

ing, anastomosis, shunt, tortuosity, circulation speed
• Capillary network of the retina, which is absent not only 

in the non-vascularized retina but often partially in the 
vascularized retina

• Extent of photocoagulation already applied and spanning 
area

Use of wide-field digital imaging system is recommended 
to observe the periphery of the retina. 0.1 ml/kg body weight 
of 10% fluorescein dye is intravenously injected. Consecutive 
intravenous injection with 1  ml saline facilitates to put a 
small amount of dye into the systemic circulation. The intel-
ligibility of images is adjusted by the photographic sensitiv-
ity of the CCD image sensor. Monitoring of vital signs by 
neonatologists or anesthesiologists is necessary during the 
examination (Fig. 10.1).

To determine the early stage of ROP, vascular shunt and 
pathological proliferation of primitive vessels in the retina 
cannot be identified without FFA. Vascular tufts, early intra-
vitreal budding of pathologic new vessels also are easily 
identified (Figs. 10.2, 10.3, and 10.4). When ROP progresses, 
the range and extent of fibrovascular proliferation increase 
(Figs. 10.5, 10.6, 10.7, and 10.8). At an advanced stage, plus 
disease, tortuosity, and dilation of retinal vessels suggests 
insufficient retinal circulation. The partial absence of capil-
lary network of retinal vessels is also seen in the retina 
already vascularized, which needs excessive photocoagula-
tion (Fig.  10.8). When retinal detachment begins to occur, 
early sign is stretching and tractional elevation of retinal ves-
sels due to dragging of the retina by fibrovascular tissues 
(Figs.  10.9 and 10.10). Distinctly different from classical 
ROP that processes in a sequence order of stage 1–4, aggres-
sive posterior ROP rashly develop to stage 4 and 5, which 
needs early and extensive intervention of photocoagulation 
and vitreoretinal surgery (Fig.  10.11). Intraretinal vascular 
proliferation and dropout of the capillary network are impor-
tant early signs of aggressive posterior ROP (Fig.  10.12). 
Stabilization of vascular activity in ROP, even spontaneously 
or after intervention of treatments, is determined by decreas-
ing or disappearance of fluorescein dye leakage (Figs. 10.13 
and 10.14).
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Fig. 10.1 Fundus fluorescein angiography examination for a prema-
ture baby using wide-field digital imaging system under general 
anesthesia

Fig. 10.2 Stage 1 ROP with demarcation line. The demarcation line is 
formed at the developing end of retinal vessels. Along the demarcation 
line, circumferential hyperfluorescence is seen at the developing end of 
the retinal vessels, just posterior to the demarcation line, where imma-

ture vessels form shunts. Retinal vessels at the developing end are 
multi-branched. Fluorescein dye does not leak from the demarcation 
line
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Fig. 10.3 Stage 2 ROP with ridge. Demarcation line changes to a thick 
ridge with intraretinal proliferation of primitive vascular endothelia. 
Posterior to the ridge, immature retinal vessels form shunts. Vascular 
tufts, and small clumps of intravitreal proliferation of pathological new 

vessels, arise from the retina posterior to the ridge. Leakage of fluores-
cein dye does not occur from the ridge and vascular shunt but from the 
vascular tufts

Fig. 10.4 Stage 2 ROP with advanced ridge. Ridge and vascular shunt are diffusely stained by fluorescein dye, probably because of slight dye 
leakage from immature canal of vascular ends. Dye leakage is clearly seen from the vascular tufts

10 FA in ROP
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Fig. 10.5 Stage 3 ROP with mild fibrovascular proliferation. Extraretinal proliferation of pathological new vessels occurs along and posterior to 
the ridge line and begins to fuse circumferentially, which shows fluorescein dye leakage

Fig. 10.6 Stage 3 ROP with mild fibrovascular proliferation. Extraretinal proliferation of pathological new vessels along the ridge begins to fuse 
circumferentially, which shows fluorescein dye leakage

N. Azuma
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Fig. 10.7 Stage 3 ROP with moderate fibrovascular proliferation. Extraretinal vascular proliferation thickened circumferentially and in antero-
posterior direction, where connective tissues begin to be produced pathologically

Fig. 10.8 Stage 3 ROP with severe fibrovascular proliferation. 
Fibrovascular proliferation at the developing end of retinal vessels and 
also in its posterior portion. Partial dropout of capillary vessels is seen 

in the vascularized retina. Tortuosity of retinal arteries and dilation of 
veins indicates plus disease

10 FA in ROP
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Fig. 10.10 Stage 4A ROP with mild fibrovascular proliferation. 
Significant fibrovascular proliferation, where connective tissues con-
tract, causing traction retinal detachment, despite the application of 

photocoagulation. Dragging of the retina by the fibrovascular tissues in 
anteroposterior and circumferential directions is apprehensible by trac-
tional displacement of retinal vessels

Fig. 10.9 Progression of fibrovascular proliferation after photocoagu-
lation. Fibrovascular tissue that contains numerous pathological new 
vessels and connective tissues develops even after the application of 
photocoagulation. Retinal vessels posterior to the fibrous tissues begin 
to be dragged by contraction of the fibrovascular tissues. Significant 

leakage of fluorescein dye indicates vascular activity in the fibrovascu-
lar tissues. Tortuosity of retinal arteries and dilation of veins are the 
signs of plus disease, also indicating the activity of ROP. These findings 
are an indication for vitreoretinal surgery

N. Azuma
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Fig. 10.11 Aggressive posterior ROP. Severe plus disease with prominent tortuosity and dilation of retinal vessels. Vascular proliferation occurs 
even in the vascularized retina. There are non-perfusion areas of capillary vessels also in the vascularized retina

Fig. 10.12 Early phase of aggressive posterior ROP. Although patho-
logical vascular proliferation in the retina is still mild, the capillary net-
work of the retinal vessels is absent in the entire retina, suggesting 

diffuse obstruction of the capillary vessels. Such finding of severe isch-
emia is predictive of severe development of vascular proliferation and 
retinal detachment in the future
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a

b

Fig. 10.13 Pre- and post-lens sparing vitrectomy for classic ROP. (a) 
Pre-surgery. Vascular proliferation that shows fluorescein leakage is not 
stabilized after the application of photocoagulation. Traction retinal 
detachment has not occurred yet. Born at 23  weeks gestational age, 
with 495 g body weight. Photocoagulation was applied at 32 weeks cor-

rected gestational age and lens-sparing vitrectomy at 40  weeks. (b) 
Post- surgery. Part of fibrovascular tissues and vitreous gel around them 
were removed by vitrectomy, and residual tissues regressed 2  weeks 
after vitrectomy. Leakage of fluorescein dye decreased, suggesting 
early stabilization of ROP
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a

b

Fig. 10.14 Pre- and post-vitrectomy with lensectomy for aggressive 
posterior ROP. (a) Pre-surgery. Fibrovascular proliferation progresses, 
which shows prominent leakage of fluorescein dye, even though dense 
photocoagulation had been applied. Traction retinal detachment occurs 
underneath the fibrovascular tissues. Dilation of retinal vessels also 
shows the activity of ROP.  Birth at 28  weeks gestational age, with 
733gm body weight. Photocoagulation was applied at 33 weeks cor-
rected gestational age and vitrectomy with lensectomy at 36 weeks. (b) 

Post-surgery. Vitreous gel was mostly removed by vitrectomy. 
Dissection of the fibrous tissues was minimized to avoid bleeding. 
Because removal of vitreous gel between the fibrovascular tissue and 
vitreous base was necessary, lensectomy was simultaneously per-
formed. Fibrovascular tissues regressed 2  weeks after surgery, sug-
gested by minimal leakage of fluorescein dye. The retina underneath 
was reattached. Improvement of retinal vein dilation also suggests 
regression of ROP
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Laser Treatment for Retinopathy 
of Prematurity

Saumya M. Shah and Darius M. Moshfeghi

Abstract

Retinopathy of prematurity (ROP) has been established as 
the primary cause of visual impairment in premature 
infants. While cryotherapy used to be a method to treat 
this condition, laser photocoagulation with indirect oph-
thalmoscopic delivery has become the gold standard for 
threshold ROP treatment. This chapter discusses various 
defining criteria for stages of ROP, conclusions from sig-
nificant studies such as the ETROP trial, as well as tech-
niques for performing laser photocoagulation and 
achieving minimal complications. Addressing skip areas 
using wide-angle photography is a crucial step in ensur-
ing angiogenesis. The next steps, including the role of 
anti-VEGF (vascular endothelial growth factor) agents in 
ROP as evident in the BEAT-ROP and RAINBOW trial is 
promising but requires further results.

Keywords

Retinopathy of prematurity · Skip areas · Angiogenesis  
Laser photocoagulation · Threshold ROP · Pre-threshold 
ROP · Diode laser · Anti-VEGF · Cryotherapy · Laser 
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Retinopathy of prematurity (ROP) has been established as 
the primary cause of visual impairment in premature infants 
[1]. With increased survival of extremely low birth weight 
infants in recent years, it has been reported to be present in 
more than 84% of survivors born at <28 weeks of gestation 
[1]. Unlike the normal central to peripheral development of 
retinal vascularization, phase 1 of the pathogenesis of ROP 

involves initial vasoconstriction, arrested vessel growth, and 
relative hyperoxia, followed by phase 2 of relative hypoxia 
and abnormal vascular proliferation [2]. Supplemental oxy-
gen to improve pulmonary function in premature infants 
after birth causes postnatal hyperoxemia, which leads to ces-
sation of retinal vasculature maturation and development of 
a ridge that delineates peripheral avascular and central vas-
cular retinal tissue [1]. The resulting retinal hypoxia induces 
the release of vascular endothelial growth factors and rapid 
angiogenesis and the occurrence of ROP [3]. ROP is zoned 
and staged based on the appearance of vessel at the interface 
of the vascular and avascular retina [4] Treatment for ROP is 
most effective during a small time period, making early rec-
ognition of disease crucial.

11.1  Cryotherapy

The Multicenter Trial of Cryotherapy for Retinopathy of 
Prematurity (CRYO-ROP) was one of the first organized 
attempts to establish the role and efficacy of a therapeutic 
intervention for ROP. Threshold ROP was defined as at least 
five contiguous or eight total clock hours of stage 3 disease 
in zone 1 or 2, or the presence of plus disease [5]. There was 
an overall 49.3% reduction at 3 months and a 45.8% reduc-
tion at 12 months in the rate of unfavorable outcomes in 
cryotherapy treated versus non-treated eyes (Table 11.1) [5, 
6]. With long-term follow-up, the reduction in risk of unfa-
vorable structural outcomes was 43.2% at 10 years and 30% 
at 15 years [12, 13]. In terms of visual acuity and function, at 
the 10-year follow-up, 25.2% of treated eyes achieved visual 
acuity of 20/40 or better, compared to 23.7% of controls 
[12]. At 15-year follow-up, 44.7% of treated eyes and 64.3% 
of control eyes had developed unfavorable visual acuity out-
comes, emphasizing the need for follow-up of patients with 
threshold ROP disease on a long-term basis [13].
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11.2  Laser Photocoagulation

While cryotherapy was extremely efficacious in treating 
ROP, it proved to be limited in its ability to target posterior 
areas within the eye. Given its ability to provide targeted 
treatment without invasive measures to the external eye and 
need of general anesthesia, laser photocoagulation presented 
as a more convenient option. The establishment of the laser 
photocoagulation with indirect ophthalmoscopic delivery as 
the standard treatment for threshold ROP replaced the role of 
cryotherapy. Preliminary studies after the introduction of 
laser photocoagulation as a treatment option for threshold 
ROP suggested that laser therapy was safe and at least as 
effective as cryotherapy in treating stage 3+ ROP (Table 11.1) 
[7, 8, 14, 15]. Comparison of the efficacy of laser photoco-
agulation and cryotherapy at 7-year and 10-year follow-up 
showed laser-treated eyes to have a superior mean best- 
corrected visual acuity (BCVA) of 20/33 and 20/66 com-
pared with 20/133 and 20/182  in cryotherapy-treated eyes, 
respectively [16, 17]. Eyes treated with cryotherapy were 7.2 
times more likely to develop retinal dragging compared with 
laser treatment [17]. This may have been secondary to the 
superior ability of the laser to treat more avascular retina in 

infants with posterior disease, where it is difficult to treat 
with cryotherapy. Looking at refractive outcome, laser- 
treated eyes were less myopic with a mean spherical equiva-
lent (SE) of −4.48 D than cryotherapy-treated eyes (mean SE 
of −7.65 D) [18].

Given that a large percentage of infants with ROP contin-
ued to face poor visual and structural outcomes despite the 
developments in treatment, the Early Treatment of ROP 
(ETROP) trial was conducted to define the role of earlier 
treatment in infants at high risk of developing threshold ROP 
or unfavorable structural or visual acuity outcomes. Infants 
with pre-threshold ROP or considered high risk based on 
RM-ROP2 analysis were randomized to early peripheral reti-
nal ablation or conventional management of monitoring for 
progression to threshold ROP [19]. Pre-threshold ROP was 
defined as any ROP less than threshold in zone I; zone II 
stage 2 with plus disease; zone II stage 3 without plus dis-
ease; or stage 3 with plus disease less than threshold criteria. 
Unfavorable structural outcomes were reduced from 15.6% 
to 9.0% (p < 0.001) at 9 months, and unfavorable visual acu-
ity outcomes decreased from 19.8% to 14.3% (p < 0.001). 
Based on the findings, type I ROP, defined as zone I, any 
stage ROP with plus disease; zone I, stage 3 ROP without 
plus disease; or zone II, stage 2 or 3 with plus disease, were 
at high risk of developing threshold disease and thus, retinal 
ablative therapy was recommended. On the other hand, type 
II ROP, defined as zone I, stage 1 and 2 without plus disease; 
or zone II, stage 3 without plus disease, could be monitored 
for progression [9]. The overall anatomic success of laser at 
9 months in ETROP was 84.4% (Table 11.1).

A comparison of application with argon green (514 nm) 
and diode red (810  nm) laser suggested a preference for 
diode laser given the lower risk of burns to the tunica vascu-
losa lentis and cataracts with the latter due to deeper retinal 
lesions. It is important to acknowledge that ablative therapy 
is associated with acute complications and risks of corneal 
edema, intraocular hemorrhage, and cataract formation [20]. 
Initial laser settings often involve a power of 200–300 mW 
for 0.1–0.2 s, with a targeted burn of whitish-gray color. The 
laser power is then altered based on the area of treatment; 
less energy is used for the anterior and superior retina in 
comparison to the posterior and inferior retina, as well as 
retinal tissue close to the ridge. Typically, the procedure 
begins with a demarcation involving one row of laser with ¼ 
to ½ spot width separations anterior to the ridge and one row 
posterior to the ora serrata filling in all locations. The nasal 
and temporal areas over the ciliary artery and nerve utilize 1 
to 1½ spot width separations in order to avoid undue damage 
to these structures. It is essential to treat the entire avascular 
retina, extending from the ridge (but not including the ridge) 
to the ora serrata [21]. Performing careful binocular indirect 
ophthalmoscopy often coupled with wide-angle photography 
following treatment is helpful to objectively determine if 

Table 11.1 Summary results for key studies evaluating the success of 
laser treatment for retinopathy of prematurity

Study name
Year 
published

Success rate of therapeutic 
interventiona

CRYO-ROPb 1990 [6] 78.2% with favorable 
outcome at 3 months

Argon laser for Stage 
3+ ROPc

1991 [7] 93.8% (n = 15 of 16) at 3 
months

Diode laser for Stage 
3+ ROPd

1992 [8] 89.3% (n = 25 of 28) at 3 
months

ETROPe 2004 [9] 85.7% with favorable 
outcome at 9 months

BEAT-ROPf 2011 [10] 74.0% (n = 54 of 73) at 54 
weeks

RAINBOWg 2008 [11] 66.2% (n = 45 of 68) at 24 
weeks

aThe therapeutic intervention being studied is laser photocoagulation in 
all studies except CRYO-ROP, which evaluates cryotherapy vs. obser-
vation in infants with threshold ROP
bThe CRYO-ROP study evaluated initial anatomic success of cryother-
apy vs. observation at incremental periods of follow-up
cThis study evaluated the efficacy of argon laser vs. cryotherapy
dThis study evaluated the efficacy of diode laser vs. cryotherapy
ePrimary outcome in ETROP was related to visual function. Also, while 
providers in ETROP had the option to use cryotherapy or laser photoco-
agulation on patients, all but one patient received laser treatment
fThe BEAT-ROP studied the rate of recurrence at 54 weeks post- 
menstrual age as the primary outcome. The above results are for the 
combined pool of Zone I and Zone II posterior ROP. For Zone I only 
eyes, the results were 58.0% success (n = 19 of 33 eyes)
gThe RAINBOW study evaluated the efficacy of two different doses of 
ranibizumab (0.1 and 0.2 mg) versus laser photocoagulation at main-
taining absence of active ROP or absence of unfavorable structural 
outcomes
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skip areas are present [22]. Any skip areas should be imme-
diately treated and the process of objective photography 
repeated until no skip areas remain.

As laser photocoagulation became accepted as the stan-
dard treatment for threshold ROP, studies focused on opti-
mizing the technique of laser treatment to control disease 
progression. Banach et al. evaluated the role of the density of 
laser patterns in the progression of threshold ROP. Compared 
to the commonly utilized density of 1 to 1.5 burn widths 
apart, the study found that patients with a near confluent pat-
tern laser treatment (spaced approximately 0.25 burn width 
apart) had a significantly lower rate of progression of disease 
to stage 4 or 5 (3.6% overall near confluent vs. 29% overall 
fixed density, p = 0.0003) [23]. Therapeutic ablation of the 
ischemic avascular retina observed in threshold ROP sup-
presses the angiogenesis stimulated by vascular endothelial 
growth factor, which may help with the resolution of 
ROP. Additionally, the therapy may also promote chorioreti-
nal adhesions, resulting in positive outcomes; however, given 
that a proportion of eyes with zone 2 disease still progress to 
retinal detachments [23], this may be a smaller component 
[24]. A nearly confluent pattern of laser photocoagulation 
was also found to reduce the rate of re-treatment of the dis-
ease (0% of patients with zone 2 disease) [25].

Following laser treatment, it is imperative that a complete 
viewing of the retina be performed to ensure that no “skip” 
areas are identified (see Chap. 12, Fig. 4). “Skip” areas may 
prevent the regression of active vessels and disinhibit the 
growth of new vasculature, resulting in possible treatment 
failure. In a retrospective manner, Kang et al. evaluated the 
most common locations of skip areas as well as the role of 
using wide-angle digital imaging in training for the treat-
ment of retinopathy of prematurity. The majority of skip 
areas occurred in the superior and inferior retina, likely due 
to a more difficult visualization of these regions and differ-
ences in the skill level of trainees that participated in the 
study. Skip areas missed during the initial treatment proce-
dure were easily visualized with wide-angle digital imaging, 
making it a very helpful tool for ablative treatment related to 
ROP [22].

The course of ROP subsequent to treatment is of signifi-
cant importance as complications including retinal detach-
ments leading to subsequent blindness can occur. Coats 
studied involution patterns of ROP subsequent to laser pho-
tocoagulation in detail and the risk of downstream complica-
tions in 262 eyes of 132 infants. Complete ROP involution 
was noted in 80% of eyes within the first 28 days of treat-
ment. Eyes with “clinically important” vitreous organization 
(defined as two or more dense, contiguous clock hours that 
significantly reduced visualization of the underlying retina) 
and vitreous hemorrhage (completely obscuration of retina 
visualization) were associated with statistically significant 
increases in the odds of a retinal detachment, making them 

strong predictive markers. Based on these results, a possible 
role for preemptive, instead of deferred vitrectomy, in some 
eyes with clinically important vitreous organization and 
hemorrhage was suggested [26]. Hartnett and McColm 
focused their analysis on understanding features that indi-
cated eyes at risk of developing progressive stage 4 ROP 
requiring surgical intervention after laser treatment for 
threshold ROP. Absence of clear vitreous, six or more clock 
hours of ridge elevation, and plus disease in two or more 
quadrants were all found to be predictive of stage 4 ROP, 
while neovascularization was not prognostic according to 
this study. While unclear, the breakdown of the blood–retinal 
barrier and thickening of the vascular ridge secondary to 
growth factors such as vascular endothelial growth factor 
(VEGF) and platelet-derived growth factor may be respon-
sible for the increased vitreous haze and ridge elevation [27].

11.3  Ongoing Treatments

Numerous novel therapeutics are currently under investiga-
tion as the pathophysiologic mechanisms behind the occur-
rence of retinopathy of prematurity become better understood. 
Given that the ROP is known to develop in two phases of 
vaso-obliteration followed by neovascularization, ischemia 
is a major contributor to the disease, recruiting VEGF as a 
key factor in the process of angiogenesis. As with other dis-
eases involving neovascularization, anti-VEGF therapies 
may have a promising role in the treatment of ROP. Current 
anti-VEGF agents such as bevacizumab, ranibizumab, and 
pegaptanib sodium have all been reported as treatment 
options in relation to ROP [28–31].

The BEAT-ROP (Bevacizumab Eliminates the Angiogenic 
Threat of Retinopathy of Prematurity) trial was the first 
attempt at prospectively study the role of bevacizumab 
(0.625 mg per 0.025 ml) as primary therapy for ROP, in lieu 
of laser photocoagulation. The prospective, randomized, 
unmasked, stratified, multicenter Phase II trial assessed the 
role of intravitreal bevacizumab as primary therapy for zone 
I or II posterior stage 3+ ROP. For zone I, stage 3+ disease, 
the rate of recurrent retinal neovascularization within 54 
weeks of treatment to was significantly higher in the group 
that received laser therapy in comparison to the group that 
received bevacizumab (42% vs. 6%; 95% CI (0.02 to 0.43), 
p = 0.002). Difference was noted for posterior zone II disease 
between the two groups, albeit not statistically significant 
(p = 0.27). The time to recurrence for zone I eyes was signifi-
cantly different between the two groups 19.2 ± 8.6 weeks vs. 
6.4  ±  6.7 weeks for bevacizumab and laser, respectively. 
Overall, laser success was suboptimal at 74.0% in the BEAT- 
ROP trial (Table 11.1). Based on these results, the authors 
concluded that bevacizumab was superior to laser for the 
treatment of zone I, stage 3+ ROP [10]. However, further 
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correspondence subsequent to this study has questioned the 
safety of bevacizumab in treating ROP, as well as the time of 
follow-up necessary to account for later recurrence in some 
infants subsequent to bevacizumab therapy [32–41].

The RAINBOW Phase III study (RAnibizumab Compared 
With Laser Therapy for the Treatment of INfants BOrn 
Prematurely With Retinopathy of Prematurity), which is also 
randomized, open-label, controlled, and multicenter, is being 
conducted to assess the efficacy and safety of ranibizumab 
(0.1 and 0.2 mg) in comparison to laser photocoagulation in 
patients with ROP. Preliminary results indicate the percent-
age of infants with the absence of active ROP or unfavorable 
structural outcomes at 24 weeks to be 80% in the ranibi-
zumab 0.2 mg, 75% in the ranibizumab 0.1 mg, and 66.2% 
in the laser-treated group (p  =  0.0254; CI: 0.99 to 4.82) 
(Table 11.1) [11]. However, further information and analysis 
of the results is necessary before any conclusions can be 
made about possible changes in practice.

While anti-VEGF agents show a promising role in future 
treatment options of ROP—either as primary or adjuvant 
treatment—a tremendous amount of investigation needs to 
occur in order to better understand its long-term safety, effi-
cacy, and treatment protocols prior to its acceptance as a 
mainstay therapy. Along with VEGF inhibitors, therapeutics 
targeting other mediators involved in the development and 
progression of ROP, such as EPO and IGF-1 are also under 
investigation and may offer promising avenues of treatment 
for ROP [4].

11.4  Conclusions

Since the initial description of retrolental fibroplasia, or ROP 
in 1942, a significant amount of advancements in the under-
standing of the pathophysiology of the disease, the inci-
dence, risk factors, and treatment technologies have been 
made. Utilization of ablative laser photocoagulation in a 
nearly confluent manner continues to be the gold standard in 
the treatment of threshold and pre-threshold ROP when cou-
pled with wide-angle photography to objectively evaluate 
skip areas. Unfortunately, the technicality of the procedure 
requires significant training and skill development, limiting 
the number of providers that are able to provide effective 
treatment. Pediatric retinal surgeons excel at laser technique 
and with early examinations and frequent monitoring, can 
prevent the development of complications and progression of 
disease.
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Anti-VEGF in ROP

Andrés Kychenthal and Paola Dorta

Abstract

In the current management of ROP, anti-VEGF drugs 
have a very significant role. These drugs can be used in 
ROP in different clinical situations: as a primary treat-
ment for posterior ROP, for progressing cases after they 
have been previously treated either with a laser or with an 
anti-VEGF drug, and as an adjunct in ROP-related vitreo-
retinal surgery. The beneficial effect of using these drugs 
for the treatment of ROP is enormous. No significant local 
or systemic complications attributable to these injections 
have been detected. The best anti-VEGF drug and dose 
are still under investigation.

Keywords

Anti-VEGF drugs · Retinopathy of prematurity · ROP  
Retinal detachment · Anti-VEGF injection

Antiangiogenics, or anti-VEGF drugs, were introduced more 
than 10 years ago for the management of Retinopathy of 
Prematurity (ROP). Notwithstanding very reasonable safety 
concerns for the use of these types of drugs in developing 
infants, no complications attributable to these injections have 
been detected. The beneficial effect of using these drugs for 
the treatment of ROP is immense. The best anti-VEGF drug 
and dose for this purpose is still under investigation.

The use of anti-VEGF has proven to be not only effective 
but less stressful for the infant, as it does not destroy retinal 
tissue like laser photocoagulation does, and it also induces 
less myopia (Fig. 12.1).

Anti-VEGF drugs can be used in ROP in different clinical 
situations. The most relevant are:

12.1  Anti-VEGF as a Primary Treatment 
for ROP

Current indications for the use of anti-VEGF drugs as a pri-
mary treatment are zone I and posterior zone II ROP 
(Fig. 12.2).

12.2  Anti-VEGF for Progressing Cases After 
They Have Been Previously Treated 
Either with Laser or with an Anti- 
VEGF Drug

If there is persistent plus disease in an eye that has received 
treatment for type 1 ROP, there is a chance of progression 
with the risk of retinal detachment. Anti-VEGF drugs can 
play a significant role in inducing ROP regression in some of 
these cases with the persistence of plus disease.

If a patient underwent laser treatment for zone I ROP and 
there is persistent plus or reactivation of the disease while 
vessels are still in zone I, then injecting an anti-VEGF is 
likely to induce regression. If vessels advance into zone II, 
then applying more laser should be the first alternative 
(Fig. 12.3). If there are no skipped areas (Fig. 12.4) and all of 
the avascular retina is properly filled with laser spots, an anti- 
VEGF should be injected (Fig. 12.5).

If reactivation or persistent plus disease is observed after 
an eye was treated for type 1 ROP with laser for a zone II 
disease, treatment of skipped areas should be performed. If 
complete laser treatment was given, the use of an intravitreal 
anti-VEGF drug is indicated (Figs. 12.3 and 12.5).

If the primary treatment was performed with anti-VEGF 
and there is progression of the ROP, the zone where the ves-
sels are located will determine the secondary treatment. If 
retinal vessels are still in zone I, a re-injection of anti-VEGF 
might be more suitable. If vessels are in zone II, then laser 
photocoagulation seems to be the better alternative 
(Fig. 12.6).A. Kychenthal (*) · P. Dorta 
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It is very important to consider that reactivation of ROP 
happens after anti-VEGF treatment with an uncertain risk of 
progression to retinal detachment. Patterns of regression and 
recurrence following the use of anti-VEGFs in treatment of 
ROP are not known; thus, longer follow-ups are needed in 
these patients than those with laser photocoagulation.

12.3  - Anti-VEGF as an Adjunct 
in Vitreoretinal Surgery in ROP

The presence of vascular activity is a major problem when 
operating on an ROP retinal detachment. The risk of bleed-
ing and failure of the surgical procedure are considerably 
greater in eyes with active vascularity (Fig. 12.7).

Anti-VEGF drugs that can be injected prior to the surgical 
intervention address this issue by inducing a rapid regression 
of vascular activity, allowing one to operate on a vascularly 
inactive or “quiet eye” rather than on an active one (Fig. 12.8).

Especially significant is the fact that this effect allows the 
surgery to be carried out without the delay of waiting for the 
natural regression of neovascular activity. Thus, intervention 
that is performed earlier than previously possible should pre-
vent progression and macular involvement, and offer better 
visual potential for these eyes.

The right time to inject an anti-VEGF drug and perform 
the vitrectomy seems especially important when a retinal 
detachment is already present. A balance between neovascu-
lar regression and avoiding the development of fibrous tissue 

with traction on the retina are essential. Five to seven days 
after injecting the anti-VEGF drug seems to be an adequate 
period to perform the surgery. In that period of time, a very 
significant reduction in vascular activity occurs, allowing for 
a safe procedure. A longer interval between the injection and 
the surgery might provoke progression in the detachment or 
even a rhegmatogenous factor due to traction on the retina 
induced by the regression and fibrous conversion of the neo-
vascular tissues (Fig. 12.9).

In summary, in the current management of ROP anti- 
VEGF drugs have a very significant role (Fig. 12.10).

12.4  Injection Technique

Anti-VEGF drugs can be injected in the neonatal intensive 
care unit or in an operating room with only topical anesthesia 
or under sedation.

Special attention must be paid to avoid the potential risk 
of endophthalmitis and to avoid drug delivery problems 
when managing such small volumes.

The pupils are dilated with tropicamide 1% eye drops. 
Periocular skin, eyelashes, upper and lower lids are swabbed 
with povidone-iodine 10%. Proparacaine 0.5% is instilled 
into the eye. A surgeon, wearing sterile gloves and mask, 
opens the lids with a sterile speculum. The drug is injected 
with a 30G insulin syringe temporally (1–1.5 mm from lim-
bus). An antibiotic eye drop use at the end of the procedure is 
optional.

a b

Fig. 12.1 Comparison between laser photocoagulation and anti-VEGF 
injection for the treatment of posterior zone I ROP. The laser destroys a 
large area of the retina (a). With a single anti-VEGF injection, a normal 

fundus appearance together with normal macular configurations at the 
OCT can be obtained in these cases (b)

A. Kychenthal and P. Dorta



93

+

c

+

a

+

b

+

+

+

Fig. 12.2 Preterm infant born at 28 weeks with posterior Zone I ROP 
who developed type I ROP at 32 weeks post menstrual age (PMA), at 
which time he was treated with a single Avastin® injection. Note that 

retinal vascularization does not reach the macular area, white arrows 
(a). At 35 weeks PMA, there is no plus disease and retinal vessels are 
advancing (b), reaching zone III by week 46 (c)
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Zone I ROP Zone II ROP

antiVEGF

antiVEGF

antiVEGF

Look for
skipped areas

Look for
skipped areas

skipped
areas +

More laser

More laser
skipped
areas -

skipped
areas +

skipped
areas -

Blood Vessels
in zone I

Blood Vessels
in zone II

ROP progression
after primary treatment

with laser

Fig. 12.3 Flowchart showing 
treatment alternatives for 
progressing ROP after 
primary treatment with laser

Fig. 12.4 Clinical picture of a case of type 1 ROP that progressed after 
primary treatment with laser due to incomplete photocoagulation, or 
“skipped areas,” on the avascular retina
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a b

Fig. 12.5 Active neovascular tissue still present in a case adequately treated with laser (a). A complete regression of the ROP was obtained after 
injecting an anti-VEGF (b)

ROP progression
after primary treatment

with Anti-VEGF

Blood Vessels
in zone I

Blood Vessels
in zone II

antiVEGF Laser

Fig. 12.6 Flowchart showing secondary treatments after primary man-
agement of ROP with an anti-VEGF drug

ROP progression
with Retinal
Detachment

Vascular
activity +

Vascular
activity -

antiVEGF Vitrectomy

Vitrectomy

Fig. 12.7 Flowchart showing the management of ROP retinal 
detachment
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a b

c

Fig. 12.8 (a) Stage 4A retinal detachment present at 37 weeks of ges-
tational age in a preterm infant weighing 760 grams at 24 weeks. Due 
to the significant vascular activity present, an anti-VEGF drug was 
injected prior to surgery. (b) One week after the anti-VEGF injection, a 
marked reduction in vascular activity was observed. A 25-gauge lens- 

sparing vitrectomy was performed at that time. (c) Favorable anatomi-
cal outcome 9 weeks after surgery. (Permission obtained from 
Retinopathy of Prematurity, Current Diagnosis and Management; 
Andrés Kychenthal B., Paola Dorta S. Editors, Springer, 2017 [1])
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a b

c

Fig. 12.9 Importance of timing vitreoretinal surgery after injecting an 
anti-VEGF as an adjunct prior to vitrectomy. Vascularly active ROP 
retinal detachment (a). Five to seven days post injection, there is regres-

sion of the vascular activity, signaling the best moment to perform sur-
gery (b). After that time, fibrous conversion of the neovascular tissue 
might induce or promote the progression of the retinal detachment (c)
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Surgical Management of Stage 4 ROP

Eric Nudleman

Abstract

Although the vast majority of eyes with type 1 ROP suc-
cessfully regress following treatment, some eyes develop 
fibrosis. This fibrosis typically occurs along the ridge tis-
sue and can contract, causing traction and resulting in 
retinal detachment. Over the last 40  years, the surgical 
approach to repair stage 4 ROP associated retinal detach-
ments have been refined. With an understanding of the 
vectors of traction, surgery for stage 4 ROP retinal detach-
ments has a high success rate, often with excellent visual 
outcomes, especially when performed early in the disease 
process.

Keywords

Retinopathy of prematurity · Pathogenesis of ROP  
Cicatricial ROP · Stage 4A ROP · Stage 4B ROP  
Lens-sparing vitrectomy

13.1  Epidemiology of Advanced ROP

The incidence of blindness from ROP around the world is 
variable, largely depending on the level of development that 
allows for the survival of premature babies. In countries 
where the infant mortality rate is low and screening pro-
grams are established, the rate of blindness from ROP is 
approximately 10% [1]. In countries with high infant mortal-
ity rates, 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, ROP is a 
major cause of childhood blindness, with rates approaching 
40% [2]. This is largely due to the absence of screening pro-
grams and, although premature infants survive, there is a 
high rate of progression to stage 5 ROP. In contrast, 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 [3, 4]. Among 
them, roughly 10% require laser photocoagulation, and 0.5% 
require surgical intervention, the vast majority for stage 4 
disease.

13.2  Pathogenesis

The peripheral retinal ischemia in the premature infant drives 
the expression of high levels of Vascular Endothelial Growth 
Factor (VEGF). As a result, apoptosis of the hyaloid vessels 
is delayed, which is clinically visible as persistent tunica vas-
culosis lentis and rubeosis iridis [5]. In addition, VEGF 
drives neovascular vessels to proliferate into the vitreous 
along the vascularized border. Subsequent activation of 
TGFß1 contributes to excessive scar formation [6–8]. This 
fibrous proliferation typically follows the aberrant neovascu-
larization, growing along the ridge tissue and extending into 
the overlying vitreous. The vitreous sheets act as scaffolds 
for the extension of the fibrotic tissue. Subsequent contrac-
tion of the fibrous tissue 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. Without 
intervention, the traction will completely detach the neuro-
sensory retina, ultimately leading to blindness.

13.3  Clinical Course

The progression of ROP is relatively predictable. Infants that 
develop disease, in industrialized nations, are almost all born 
at <31 weeks gestational age with a birthweight of <1250 g. 
The earliest manifestations are usually seen at approximately 
32 weeks postmenstrual age (PMA), with the conversion to 
treatment warranted (type 1) disease reached at a mean of 
37 weeks PMA [9, 10]. Retinal detachment after appropriate 
treatment occurs at a mean of 41 weeks PMA [11]. Once the 
retina begins to detach, it can progress quickly. Within 
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weeks, the detachment can advance from an early Stage 4A 
to Stage 5, resulting in a far worse prognosis for visual recov-
ery. Therefore, once surgery is determined necessary, earlier 
intervention is advisable to reduce the progression of the 
detachment.

A special consideration needs to be given to eyes treated 
with anti-VEGF therapy for type 1 ROP. Although multiple 
prospective studies have demonstrated short-term efficacy 
using these agents [12–14], late reactivation and progression 
to retinal detachment have been reported long after the tradi-
tional screening period. Some reports have identified retinal 
detachments up to several years following anti-VEGF injec-
tions [15–18]. There is increasing evidence that following 
anti-VEGF therapy, vascular development often remains 
incomplete, resulting in persistent avascular retina [19, 20]. 
One potential approach to mitigate the risk of reactivation is 
sequential therapy. That is, treatment with anti-VEGF to 
treat acute type 1 ROP, followed by laser to the persistent 
avascular retina at 50–60  weeks postmenstrual age. This 
approach has been investigated in one prospective study 
[21], with additional studies underway. With anti-VEGF 
therapy now highly prevalent worldwide as a primary ther-
apy for type 1 ROP, strategies to reduce the risk of late 
detachments are actively being pursued.

13.4  Management

In order to maximize visual potential, the goal in ROP reti-
nal detachment surgery is to normalize anatomy to permit 
visual development. Surgical success requires an under-
standing of the tractional vectors present in ROP. Interrupting 
the traction resulting from fibrous proliferation is the pri-
mary surgical goal in ROP detachments. Adequate release 
of traction can prevent progression, reduce dragging of the 
macula, and spare visual function. In general, surgical suc-
cess and visual function is greatest when surgery is per-
formed at the earliest stage of retinal detachment. For this 
reason, once the decision for surgery is made, it is recom-
mended to proceed as quickly as possible. Successful reat-
tachment has been reported in 74–91% of stage 4A 
detachments [22–25], 62–92% of stage 4B detachments [22, 
24, 26–28], and 22–48% of stage 5 detachments [29–31]. 
Visual outcomes in successful repair of stage 4A detach-
ment can be expected to be 20/80 or better [22, 32, 33], 
ambulatory vision following stage 4B repair [28], and form 
vision following stage 5 repair [34].

13.5  Lens-Sparing Vitrectomy

In general, outcomes are best in ROP surgery when the crys-
talline lens is retained. Therefore, as long as the anatomy 
permits adequate space, which is the case in most stage 4A 
and many stage 4B ROP detachments, a lens-sparing vitrec-
tomy (LSV) is recommended. The surgery is initiated with a 
partial conjunctival peritomy, primarily to aid in suture clo-
sure of the sclerotomies at the conclusion of the case. Since 
infants have not developed a pars plana, the eye is entered at 
the pars plicata, approximately 0.5 mm posterior to the lim-
bus (Fig.  13.1). Similar success rates have been reported 
using a two-port approach, using an infusing light pipe or 
pic, and three port-approach using a separate infusion line 
[22, 24]. Attention to the vector of trocar insertion is critical 
to avoid damage to the lens. The insertion of the trocar should 
be perpendicular to the iris plane, rather than pointed toward 
the center of the eye (Fig. 13.1). If using small gauge instru-
ments (23G, 25G, or 27G), the cannula may be too long to 
allow access to the far periphery in order to segment the 
peripheral fibrosis. Therefore, it may be helpful to either 
insert the instruments directly through the sclerotomies or to 
partially withdraw the cannulas for peripheral maneuvers.

During the core vitrectomy, attention should be directed 
toward the vectors of traction. Specifically, an effort should 
be made to transect the transvitreal ridge to ridge tissue (the 
“drum head”), ridge to periphery, ridge to lens, and optic 
nerve head to the ridge (Figs.  13.2 and 13.3). Often, the 
release of traction will be evident with the relaxation of the 

Fig. 13.1 Screen capture demonstrating the location and angle of the 
trocar insertion. Following a conjunctival peritomy, the trocar is inserted 
0.5 mm posterior to the limbus with the angle parallel to the visual axis 
to avoid trauma to the crystalline lens. Note the persistence of the tunica 
vasculosis lentis, a common feature of ROP

E. Nudleman
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tented retina. The vitrector can be used as a pic by gently 
moving within the vectors of traction without cutting. This 
will allow the surgeon to see where the traction remains, 
since the underlying retina will react. These areas should 
then be addressed until the movement of the underlying ret-
ina no longer occurs. Once the dissection is complete, a par-
tial fluid–air exchange is performed to prevent vitreous 
incarceration into the sclerotomies, and the sclerotomies are 
sutured. At the conclusion of the case, subretinal fluid is 
expected, and will reabsorb over the course of weeks to 
months (Fig. 13.4). During follow-up examinations, the key 
feature of success is the absence of progression.

In some cases, anterior ridge to ciliary body tissue may 
create a tight space that risks damage to the crystalline lens 
by a transvitreal approach. In such instances, an MVR blade 
can be used to cleave these anterior bands at the time of entry 
into the eye, an approach described as an ab interno incision 
[36]. The vectors of the initial incision must still be perpen-
dicular to the iris to avoid the lens equator, but can then be 
turned parallel to the posterior lens capsule to transect the 
tissue. If the retina is pulled too anterior to safely access the 
fibrotic tissue bridging between the retina and the lens and 
ciliary body, then a lensectomy and anterior approach is 
recommended.
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to ridge (A)

Central stalk
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Fig. 13.2 Tractional vectors in ROP. The primary vectors include tis-
sue extending from the optic disc to ridge, and ridge to ridge (a), ridge 
to eye wall (b), ridge to ciliary processes (c), and ridge to lens (d). 

Successful surgery requires that tractional forces from each of these 
vectors are adequately transected. Adapted from [35]
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13.6  Limbal Approach for Lensectomy 
and Vitrectomy

Occasionally in Stage 4 ROP, due to anterior fibrosis or a 
limited view posterior to the lens, a lens-sparing surgery is 
not possible, necessitating an anterior (translimbal) approach 
to lensectomy and vitrectomy. In such cases, an inferotempo-
ral or inferior infusion cannula is placed at the limbus, and 
limbal incisions are then made superonasally and superotem-
porally. The anterior lens capsule is incised using the trocar 
blade, and the crystalline lens nucleus and cortex are aspi-
rated with the vitrector. Since the capsule can serve as a scaf-
fold for subsequent fibrosis and traction, which can be very 
difficult to safely remove, it is recommended the capsule is 
entirely removed when a lensectomy is performed for ROP 
surgeries. The edges of the capsule can be easily visualized 
by externally illuminating through the cornea with the light 
pipe, and grasping the capsule edge using membrane for-
ceps. Once the zonules are released, the capsule can be 
removed in a single sheet through the limbal incisions. Once 

the lens and capsule are removed, the anterior fibrosis can be 
safely accessed and dissected.

13.7  Minimal Intervention to Achieve 
Surgical Goals

The goal of Stage 4 ROP surgery is to relieve the vectors of 
traction. It must be emphasized that aggressive maneuvers 
during ROP surgery are extremely high risk and should be 
avoided. Creating an iatrogenic break carries a near certain 
consequence of massive fibrous proliferation with a devastat-
ing outcome. Although it may be tempting to shave close to 
the retinal surface while addressing fibrosis, such maneuvers 
are generally unnecessary to achieve surgical goals. In rare 
cases, a vitrectomy in a child without removing the posterior 
hyaloid can lead to posterior hyaloid contraction syndrome 
[37]. Nevertheless, to avoid the risk of iatrogenic breaks, 
routine removal of the adherent vitreous cortex is not recom-
mended during ROP surgery.
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b

Fig. 13.3 Ridge to eye wall fibrosis. (a) Typical intraoperative appearance of ridge to eye wall fibrotic tissue undergoing segmentation using the 
vitrector. (b) Same image, outlining the fibrotic sheet, and the instruments within the eye
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Fig. 13.4 Resolution of subretinal fluid following LSV for Stage 4 
ROP at various time intervals. (a) Preoperative appearance of Stage 4A 
ROP. (b) Postoperative appearance of the same eye 2 weeks following 
LSV. The turbid subretinal fluid is improved, but not yet resolved. (c) 
Preoperative appearance of stage 4B ROP, with circumferential traction 
and subretinal fluid involving the fovea. (d) Postoperative appearance 

5 weeks following LSV, showing near-complete resolution of subretinal 
fluid with residual subretinal hemorrhage and temporal dragging. (e) 
Preoperative appearance of Stage 4A ROP. (f) Postoperative appearance 
10  weeks following LSV showing complete resolution of subretinal 
fluid
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Surgical Management of Stage 5 
Retinopathy of Prematurity

Shunji Kusaka

Abstract

Retinopathy of prematurity (ROP) is a leading cause of 
childhood blindness worldwide. Proper eye screening and 
interventions, such as laser ablation and/or anti-vascular 
endothelial growth factor therapy, are useful in reducing 
disease activity and preventing blindness. Some eyes are 
refractory to these treatments and develop tractional reti-
nal detachment, which requires vitrectomy. Vitrectomy 
for stage 5 ROP is beneficial in preventing total blindness 
in some eyes; however, its anatomical and functional 
results are unsatisfactory.

Keywords
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14.1  Introduction

With the introduction of laser ablation therapy, the progno-
sis of retinopathy of prematurity (ROP) has significantly 
improved. Since more than a decade ago, the indication for 
laser ablation has been changed from threshold retinopa-
thy to prethreshold retinopathy, leading to a decrease in the 
rate of unfavorable functional outcomes from 19.5% to 
14.5% and structural outcomes from 15.6% to 9.1% [1]. 
However, using laser ablation alone, approximately 10% 
of patients still present with severe vision loss due to the 
development of retinal folds, retinal detachment, or retro-
lental fibroplasia [1].

More recently, anti-vascular endothelial growth factor 
(VEGF) therapy, which comprises intravitreal injection of an 
anti-VEGF agent as an off-label treatment, has been intro-
duced [2–4] because VEGF may play a major role in the 
pathogenesis of ROP [5–7]. Anti-VEGF therapy is effective 
in reducing disease activity and is likely to lead to better 
ROP treatment outcomes particularly in severe ROP cases, 
such as zone 1 plus ROP or aggressive posterior ROP [4]. 
The number of eyes with ROP that progresses from stage 4 
to 5 seems to be decreasing using anti-VEGF therapy. In 
addition, recent improvements in neonatal care have helped 
decrease ROP in patients, particularly in advanced countries. 
However, some patients still require vitrectomy for tractional 
retinal detachment (TRD) even after laser ablation and/or 
anti-VEGF therapy; the reasons may include improper 
screening or treatment. Sometimes, despite proper treatment, 
the patients’ condition progresses to TRD due to excessive 
prematurity. Therefore, surgical treatment for ROP is still 
required, particularly in developing countries.

14.2  Stage 5 ROP

Fibrovascular membranes develop along the ridge and grow 
into various directions, including the ridge to the lens, the 
ridge to the ciliary body, the ridge to the peripheral retina, the 
ridge to the ridge (circumferential), and the ridge to the pos-
terior retina. In eyes with stage 5 ROP, the retina is totally 
detached in a complex manner due to these traction forces. 
The surgical treatment releases these tractions as much as 
possible, most likely not completely, without creating an iat-
rogenic retinal break. Because surgery for stage 5 ROP 
remains extremely challenging and the anatomical and func-
tional results are generally disappointing, surgical treatment 
should be considered not for stage 5 but for stage 4A ROP 
(partial retinal detachment without involvement of the 
macula).S. Kusaka (*) 
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14.3  Surgical Technique

Scleral buckling alone has been attempted for stage 5 ROP as 
it is safer than vitrectomy. However, complex retinal detach-
ment caused by various traction forces cannot be effectively 
alleviated enough to reattach the retina in several cases [8, 
9]. Meanwhile, vitrectomy can help effectively relieve the 
forces by directly cutting the fibrous membranes. In most 
eyes with stage 5 ROP, lensectomy is required to approach 
the retrolental fibrous membranes. The locations where sur-
gical entry would be made should be carefully determined 
preoperatively. If the retrolental fibrous membranes are 
located adjacent to the ciliary body, the surgical entry should 
be made at the limbus to avoid an iatrogenic retinal break or 
ora dialysis. If there is a space between the ciliary body and 
the membranes, sclerotomies may be made 0.5–1 mm from 
the limbus, which allows for better visibility and easier 
manipulation during vitrectomy. In addition, a mixture of 
limbal (for infusion) and pars plicata (for other two ports) 
incisions can be used depending on the space between the 
ciliary body and the membranes. Lensectomy should be 
meticulously performed and should include the entire lens 
capsule because its remnants can adhere to the iris and/or 
remaining retrolental membrane after surgery. If the anterior 
chamber is shallow and the iris cannot be dilated due to pos-
terior synechiae (Fig. 14.1), which is caused by the anterior 
displacement of the lens due to contraction of the retrolental 
fibrous membrane, viscoelastic material can be injected 
through the limbal wound to provide some space for an infu-
sion cannula and a vitreous cutter. Then, a vitreous cutter is 

used to remove the lens and the iris of the pupillary margin 
(Figs.  14.2 and 14.3). Alternatively, instruments that can 
dilate the iris, such as an iris retractor, can be used.

After lens removal, dissection of the retrolental fibrous 
membranes is initiated from the center either using scissors 
or a sharp knife, such as the V-lance (Fig. 14.4). Separation 
of the membranes from the detached retina should be cau-

Fig. 14.1 Preoperative image of an eye with stage 5 retinopathy of 
prematurity. A shallow anterior chamber with posterior synechiae and 
peripheral anterior synechiae was observed

Fig. 14.2 Pupillary margin of the iris was dissected using a 25-gauge 
cutter

Fig. 14.3 Lensectomy was performed using a 25-gauge cutter

Fig. 14.4 Using a V-lance and forceps, the center of the retrolental 
fibrous membrane was dissected
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tiously performed taking care to avoid any iatrogenic breaks. 
It is usually performed using forceps and scissors or a spat-
ula with the bimanual technique (Fig. 14.5). Dissection can 
be extended peripherally in concentric and/or circumferen-
tial manners (Figs 14.6, 14.7, 14.8, 14.9, 14.10, and 14.11). 
To increase the chance of retinal reattachment (Fig. 14.12), 
the membranes should be removed as much as possible. 

Opening of the trough in the peripheral retina is critical; 
however, it is sometimes challenging and dangerous as a dis-
tinction between the thin membrane and avascular retina is 
often difficult. To avoid dialysis, caution must be taken to 
avoid pulling of the membranes too far in the peripheral 
region. The presence of a retinal break is highly associated 
with surgical failure in stage 5 ROP surgery. If most mem-
branes can be removed, the retina is gradually reattached 
within several weeks. Otherwise, reoperation to remove 
residual membranes should be considered. Use of perfluoro-

Fig. 14.5 Dissection of the membranes was extended peripherally 
using forceps and scissors

Fig. 14.6 Dissection of the membranes was extended in a circumfer-
ential manner

Fig. 14.7 Further dissection of the membranes

Fig. 14.8 After membrane dissection in the anterior part of the eye, 
further membrane dissection in the posterior part was conducted using 
a vitreous cutter under a wide-angle viewing system. Retinal detach-
ment in complex figuration was observed

Fig. 14.9 Further membrane dissection in the posterior part was con-
ducted using scissors under a wide-angle viewing system
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carbon liquid as a short-term tamponade may be effective in 
such cases [9].

14.4  Surgical Results

Surgical results of vitrectomy for stage 5 ROP are gener-
ally unsatisfactory. In a clinical trial conducted in the 
USA [10], at least a portion of the retina was reattached in 
11 (21%) of 52 eyes, and visual acuity was limited to light 
perception or no light perception in all but one eye after 
vitrectomy for stage 5 ROP at 5.5 years of age. Cusick 
et al. [11] have reported that at least partial retinal reat-

tachment was achieved in 33% of 956 eyes from 601 
infants, with a visual acuity better than 5/200 in 8 of 183 
eyes. In a case series of 48 eyes with stage 5 ROPs evalu-
ated 6 months postoperatively, 20 (42.6%) and 5 (10.6%) 
eyes exhibited total and partial reattachment of the retina, 
respectively (unpublished data). Similar results have been 
reported with retinal reattachment rates of approximately 
40%–60% [12–19] and limited functional outcomes 
12–16 [20–23], (Table 14.1). Regarding the factors related 
to anatomical success, the close shape of the funnel, pres-
ence of subretinal hemorrhage and vascularized mem-
branes, and age at vitrectomy are associated with poor 
surgical outcomes [12, 13, 16].

14.5  Conclusions

Neonatologists should appropriately care for premature 
infants, and ophthalmologists must screen at appropriate 
timings and use proper techniques to reduce severe ROP that 
requires treatment. Interventions, such as laser ablation or 
anti-VEGF therapy, are critical in preventing the develop-
ment of TRD.  If tractional detachment occurs, vitrectomy 
should be performed at stage 4A before the macula is 
detached to achieve satisfactory outcomes.

Fig. 14.10 After completion of membrane dissection. Some remaining 
membranes were observed. Complete removal of the membranes was 
not required for reattachment

Fig. 14.11 Viscoelastic material is injected in the vitreous cavity to 
prevent adhesion of the retina. Postoperative high intraocular pressure 
will not occur in most cases. Every wound was securely sutured using 
10-0 Vicryl in this case

Fig. 14.12 Fundus view 1 week after surgery. The retina was partially 
reattached. Complete reattachment of the retina was achieved 2 weeks 
after surgery in this particular eye
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Table 14.1 Summary of previous reports on vitrectomy for stage 5 ROP

Author(s)
Number of 
eyes

RA rate 
(%) Functional results (%)

Birth weight 
(grams)

Gestational age at birth 
(weeks) Publication

Cusick et al. 608 TRA: 25
PRA: 7

NLP:26, LP:59, HM:10, >20/2000: 
4

871 
(340 ~ 2750)

26 (20 ~ 35) 2006 
[11]

Zilis et al. 121 TRA: 9
PRA: 31

F & F or greater: 11%, LP: 56%
NLP: 25%

955 
(560 ~ 1850)

26.3 (22 ~ 32) 1990 
[19]

Trese 85 48 F & F:44, grasp object: 38, shape 
recognition: 15

640 ~ 1400 24 ~ 32 1986 
[17]

Fuchino et al. 51 59 NLP:5, LP:19, HM:14, > 20/2000: 
62

948 
(515 ~ 1760)

27 (23 ~ 33) 1995 
[13]

Tasman et al. 
(Open-sky Vtx)

23 35 NA 1038 
(539 ~ 1950)

26 (24 ~ 32) 1987 
[18]

RA retinal attachment, g gram, TRA total retinal attachment, PRA partial retinal attachment, F&F fix and follow, LP light perception, NLP no light 
perception, HM hand movement, Vtx vitrectomy, NA not available
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Endoscopic Surgery in ROP

Gaurav Bhardwaj and Sui Chien Wong

In complex intraocular surgery, inadequate visualization can 
be a major limiting factor to surgical success. The inability 
to visualize the surgical field effectively prevents any pos-
sible surgical intervention. Endoscopy is a valuable tool in 
complex intraocular surgery [1–3], which provides the vit-
reoretinal surgeon with a unique perspective and surgical 
approach. It confers a particular advantage in procedures 
involving structures in the anterior retina, pars plana, and cil-
iary body, which conventional top-down viewing systems are 
unable to adequately visualize. Endoscopy also provides a 
useful adjunct to modern-day visualization with an operating 
microscope and wide-angle contact or non-contact viewing 
systems. Table 15.1 lists the indications where visualization 
with modern-day microscope viewing has limitations and an 
endoscopic approach has been studied.

Apart from media opacities, where endoscopic view-
ing replaces modern-day microscope viewing systems, the 
endoscope is often a complementary tool to assist in parts 
of vitrectomy surgery. Therefore, the authors prefer the term 
endoscope-assisted vitrectomy (EAV) as opposed to endo-
scopic vitrectomy.

To many vitreoretinal surgeons, EAV remains a black-
box and therefore a largely unutilized technique. Due to its 
learning curve and the fact that it is not commonly learned 
by training vitreoretinal surgeons in fellowship programs, its 
use is limited to a few specialized centers. It is most com-
monly utilized in tertiary centers that manage a large volume 
of pediatric vitreoretinal cases (such as ROP-RD) or ocular 
trauma. EAV however may be advantageous in a wide vari-

ety of surgical indications (Table  15.1). We hope that this 
chapter will be of equal value to surgeons who are just start-
ing out in EAV or may only need to use EAV occasionally as 
opposed to more experienced EAV surgeons. We will cover a 
broad range of applications, and focus on its use in ROP-RD.

15.1  Advent of EAV

Endoscopes are commonly used in medicine for viewing 
internal cavities through small incisions. Their basic prem-
ise is the capturing of images and their transmission via a 
conduit to a proximal eyepiece or camera. Although the 
first endoscope for ophthalmic use was developed almost 
90 years ago, [25] endoscopy has been a rarely utilized tech-
nique in most centers. This is likely due to numerous fac-
tors including advances in microscope viewing systems and 
microincision vitrectomy surgery, and lack of training and 
instrumentation for the endoscopic approach. The number of 
publications relating to EAV, however, has increased steadily 
over the last few decades, from just two papers in the 1980s 
to almost 40 in the current decade from 2010. This is due to 
technological advances in endoscopy and a recognition of 
its superiority over microscope-based viewing systems in 
certain situations. There are no randomized trials compar-
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Table 15.1 Indications for Endoscope-assisted vitrectomy (EAV)

Corneal opacities preventing fundal view [4–7]
  Severe ocular trauma [8, 9]
  Removal of intraocular foreign body [10]
  Endophthalmitis [5, 11–14]
ROP-RD [15]
RRD with anterior PVR [16–18]
Removal of cyclitic membranes [17, 19]
Cyclodialysis cleft repair [20]
Prognostication for advanced cases [21]
Haptic visualization for sutured IOLs [22–24]

ROP retinopathy of prematurity, RRD rhegmatogenous retinal detach-
ment, PVR proliferative vitreoretinopathy, IOL intraocular lens

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6552-6_15&domain=pdf
https://doi.org/10.1007/978-981-15-6552-6_15#DOI


114

ing EAV with microscope-based viewing; however, these are 
unlikely to occur due to case-mix, surgeon preference, and 
experience of one technique over the other.

The integration of the charge-coupled device (CCD) with 
endoscopy in 1983 [26] allowed electronic transmission of 
the image to a monitor, a key factor in improving the util-
ity of the endoscope in ophthalmic surgery. Flexible fiber-
optics, with its smaller diameter instruments and greater 
maneuverability has also largely replaced the gradient index 
lens system (GRIN).

Recently, a hybrid system was described [27] uti-
lizing a combination of standard endoscopy with a 3D 
heads-up display (NGENUITY 3D® visualization system, 
Alcon Laboratories, Fort Worth, TX, USA). The purported 
 advantage of this technique was that the images of the two 
modalities were side by side, and therefore, the surgeon did 
not need to alternate viewing through a microscope and a 
screen. A follow-up paper to this technique also reported 
using a 3D converter for the 2D endoscopic view along with 
the use of polarized glasses to improve the stereopsis of the 
image [28].

In the future, it is likely that a true 3D endoscopic view 
may be achievable, thus making the technique safer and 
more intuitive. At the present time, the endoscope image res-

olution is also limited to standard rather than high definition, 
due to the number and type of fibers the endoscope houses.

15.2  Advantages Over Modern-Day 
Microscope Viewing

There are two optical properties unique to the endoscope that 
confers advantages over modern-day microscope viewing in 
certain surgical scenarios.

Firstly, the unique surgeon’s perspective (Fig. 15.1a) with 
the endoscope is advantageous in viewing structures anterior 
to the vitreous base, including the ora serrata, pars plicata, 
pars plana, ciliary body, and posterior iris, as the view is 
from where the endoscope tip is positioned in the posterior 
segment, rather than a top-down microscope-based view that 
relies on the optics of the patient’s cornea and lens. This is 
particularly useful in ROP-RD, where the pars plicata can be 
visualized, enabling safer sclerotomy formation under direct 
guidance, avoiding iatrogenic retinal trauma and unneces-
sary lensectomy. Additionally, there is improved access to 
anterior PVR and retro-irideal pathology such as cyclitic 
membranes and intraocular foreign bodies around the ciliary 
body.

a
Fig. 15.1 (a). This figure 
illustrates the different 
perspective which is obtained 
with the endoscope compared 
with the microscope-based 
view. The side-on view of the 
endoscope allows better 
visualization of structures that 
appear almost end-on through 
the microscope. (b). These 
two photographs of text 
viewed through frosted tape 
to simulate vectors of vitreous 
traction illustrates the ease 
with which the semi- 
transparent tape is seen with 
the endoscopic view 
compared with the 
microscope-based view
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Secondly, visualization of structures that mostly appear 
transparent with the microscope, such as the anterior hya-
loid face, vitreous cortex, and transvitreal traction, is supe-
rior with EAV.  The reason for this is the effect of direct 
coaxial illumination, in which the illumination and viewing 
are performed in the same direction as light emanates from 
the endoscope tip and is reflected back into it. In traditional 
microscope viewing of the posterior segment, the endoil-
lumination is directed from an angle, reflects off the retina 
away from its source, and is transmitted through the patient’s 
anterior segment into the microscope to be viewed by the 
surgeon. Visualization of semi-transparent structures is supe-
rior with direct reflection of light off the structures than with 
transmission through the structures. This effect is illustrated 
in Fig.  15.1b. This is advantageous in various conditions 
such as retinopathy of prematurity associated retinal detach-
ments (ROP-RD) where up to five different vectors of trac-
tion contribute to the pathology and surgical success relies 
on identifying and alleviating these.

EAV has also been utilized in the identification of unde-
tected peripheral retinal breaks [29]. Subretinal surgery to 

remove fibrotic bands is also feasible without the need for an 
extensive relieving retinotomy.

15.3  ROP Traction Retinal Detachment

The advantages of EAV is seen particularly in ROP-RD due 
to the anterior nature of the traction RD that often extends 
toward the pars plicata and lens, as well as the multiple vec-
tors of traction that are well recognized.

Port placement can be risky in ROP-RD due to a combi-
nation of traction RD that can be anteriorly positioned close 
to the pars plicata paired with a physiologically smaller 
vitreous compartment and a proportionately larger lens. 
This leaves a very small area for safe port placement that 
avoids iatrogenic retinal trauma. A study by El Rayes et al. 
[30] demonstrated that 57% of patients with Stage 4B ROP 
having conventional microscope-based vitrectomy required 
primary lensectomy. This has the downsides of increased 
amblyopia, visual rehabilitation needs including dependence 
on aphakic spectacles or contact lenses, and long-term risk 

b

Fig. 15.1 (continued)
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of aphakic glaucoma [31]. A recent nationwide study [15] 
on endoscopic vitrectomy in the United Kingdom in 51 con-
secutive patients with Stage 4A and 4B ROP reported 0% of 
patients requiring primary lensectomy.

Port placement requires careful planning. Firstly, an 
examination under anesthetic (EUA) with scleral indenta-
tion is performed, to identify an area for placement of the 
endoscope sclerotomy port which is relatively safer, away 
from areas of traction. Once the endoscope is inserted, sub-
sequent vitrectomy port placement can be directly visualized 
(Fig.  15.2) to prevent iatrogenic lens or retinal trauma. In 
cases of ROP-RD, iatrogenic retinal breaks have been found 
to lead to surgical failure in up to 100% of cases [32]. It is 
thus vital that all measures are taken to prevent such compli-
cations. The authors have found it safer and more controlled 
to use an MVR blade to make the pars plicata sclerotomy 
incision under direct endoscopic visualization, rather than a 
trocar as more force to get through the more elastic sclera is 
needed than the flatter MVR profile.

In stage 4A or 4B ROP-RD, up to five vectors of traction 
have been documented [33], ridge-to-ridge (transvitreal), 
ridge-to-optic disc, ridge-to-lens, ridge-to-vitreous base, 
and circumferential. Before the advent of EAV, a com-
mon approach in management of Stage 4A and 4B ROP 
was encirclement and more recently vitrectomy alone. 
Vitrectomy does not reliably relieve all vectors particularly 
anteroposterior traction from the ridge to the lens or ridge to 
vitreous base as it is more peripheral and more challenging 
to visualize. EAV, with the side-on surgeon’s perspective as 
well as the use of coaxial lighting, optimizes visualization 
of these vectors. Persistent traction can prevent primary 
retinal reattachment, and increase the long-term risk of re- 
detachment. It can also contribute to the development or 
worsening of macular dystopia and dragging which impacts 
vision.

Other tractional retinopathies where EAV has similar ben-
efits include familial exudative vitreoretinopathy and poste-
rior persistent fetal vasculature (PFV). The principles are 
similar to ROP-RD surgery. A detailed discussion of these 
conditions is outside the scope of this chapter.

Advantages and disadvantages of EAV compared with 
modern-day microscope-based vitrectomy are listed in 
Table 15.2.

15.4  Surgical Tips

15.4.1  Practical Guide to Setup and How 
to Perform Surgery

A widely utilized platform is the Endo Optiks Ophthalmic 
Laser Endoscopy system (Beaver Visitec, Waltham, MA). 
The Endo Optics 19G endoscope integrates high-resolution 
video imaging, wide-field illumination (175 or 300 watt 
xenon light source), and a diode laser (810 nm) for retinal or 
cyclo-photocoagulation. It has a resolution of 17,000 pixels 
and 140-degree field of view. The 23G probe has a resolution 
of 10,000 pixels and a field of view of 125 degrees.

Fig. 15.2 Endoscopic 
visualization of port insertion 
allows for safe placement of 
trocars by avoiding anterior 
structures such as the lens or 
anterior tractional retinal 
detachments

Table 15.2 Advantages and disadvantages of EAV

Advantages Disadvantages
Visualize pars plicata and pars plana, 
enabling direct guidance of sclerotomy 
formation

Resolution not as good 
as modern-day 
microscope-based view

Optimal visualization of transvitreal 
traction and identification of all vectors 
of traction, particularly anterior traction

Lack of stereopsis

Reduced possibility of lens trauma Larger incision required
Allows for safe port placement with 
reduced iatrogenic breaks

Bimanual surgery not 
possible
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Endoscopes are available in various gauges including 
19G, 20G, 23G, and recently 25G [34]. The latter two fit 
through standard valved microcannulas and the two former 
require a limited peritomy and larger sclerotomy. The draw-
back of the larger gauges and the need for a larger incision 
is compensated for by the wider field of view and superior 
resolution. While a larger 19 g sclerotomy requires suturing, 
this is normally necessary in ROP surgery anyway even if 
25 g or 27 g incisions are used due to the more elastic sclera. 
Thus, it is the authors’ view that the larger incision is a small 
trade-off for the significant gains in visualization in complex 
cases, particularly ROP-RD surgery.

In the authors’ experience, the 19G endoscope is supe-
rior for more complex cases and in cases where there is a 
greater reliance on the endoscopic view. There is also the 
choice between a straight tip and an angled tip and a straight 
probe and a curved probe. The curved probe, while reducing 
the risk of iatrogenic lens touch, adds an additional degree 
of complexity in the axis of rotation and therefore is more 
challenging to use.

Following a EUA and once the optimum position of the 
endoscope is determined, the surgical setup can be completed. 

To optimize endoscopic visualization of a particular patho-
logical area of interest, it is best to place the endoscope port 
within 6 clock hours of it. In ROP-RD surgery, typically, the 
most relevant area of traction is temporal, causing macular 
dragging. Therefore, to optimize visualization of the temporal 
transvitreal traction bands, it is recommended that the surgeon 
sits temporally, placing the endoscope and vitrectomy ports 
at about the 11 and 7’o clock positions, respectively (in the 
scenario where the right eye was being operated on). Thus, the 
area of temporal traction would be sandwiched between the 
ports and be most accessible to surgical removal. Figure 15.3 
demonstrates a setup where the surgeon is positioned tempo-
rally, while in Fig. 15.4 the surgeon is positioned superiorly. 
The aim is to have the endoscope screen as close to the sur-
geon’s line of sight as possible to ease the alternation between 
the microscope and endoscope view.

Placement of the ports is carried out in the standard 
fashion. A peritomy is performed in the desired area and 
an incision made with a 20G microvitreoretinal (MVR) 
blade (Fig. 15.5). Depending on the extent and nature of the 
pathology, a second pars plana incision may occasionally be 
required on the other side.

Fig. 15.3 Temporal approach EAV, with the scrub assistant at the head of the bed. This approach allows good access to the temporal retina, which 
is typically involved in ROP-RD. EAV-endoscope-assisted vitrectomy
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Fig. 15.4 Superior approach 
EAV, which is familiar to 
most vitreoretinal surgeons. 
The endoscope screen is 
positioned as close as possible 
to the line of light of the 
surgeon

a b

Fig. 15.5 (a–d) Steps involved in port placement in EAV (setup shown is 
23G vitrectomy with a 19G endoscope in an adult patient). (a). A limited 
peritomy is made in preparation for the endoscope. Surface vessels are cau-
terised (b). Three ports are placed in the standard fashion (c). A 20G MVR 

blade is used to make the incision for endoscope insertion, the opening is 
slightly enlarged on removal of the blade. (d). The endoscope is inserted 
as shown. If endoscopic guidance is required for port placement, then the 
other ports are placed after endoscope insertion. MVR—microvitreoretinal

If the operating microscope is also being utilized for 
parts of the surgery, illumination can either be provided by 
a regular endoilluminator or the endoscope. The advantage 
of using the endoscope as an illuminator is that the surgeon 
can always alternate between the endoscopic view and the 
microscope view. Alternating between the microscope and 

endoscope view is initially challenging and is one of the 
components of the learning curve. The hand–eye coordina-
tion learned during traditional surgical approaches must be 
modified and re-learned. The orientation is also different as 
structures are viewed from a side-on perspective as opposed 
to a top-down perspective.
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15.4.2  Staying Out of Trouble

The endoscopic view can be disorienting in the early stages, 
due to the extra axis of rotation, potentially narrower field 
of view, and higher magnification. To maintain orientation, 
image focusing, and orientation is initially performed with 
the endoscope outside the eye. Once in the eye, the endo-
scope should be rotated so that the lens always remains at 
the top of the image to help maintain orientation, while ini-
tially viewing at low magnification (and thus wider field of 
view). Gauging distance from the retina or other structures is 
also more difficult due to the lack of stereopsis. Other visual 
cues, such as shadows and relative size of structures com-
pared with the known gauge of the instruments, need to be 
employed to maintain a safe working distance. A working 
distance of 3–4 mm is optimal when trying to view at high 
magnification, at which a 19 gauge endoscope can resolve 
detail down to 20 microns. Given that a first-order retinal 
arteriole is 125 microns, this level of detail is sufficient for 
fine surgical maneuvers, including the peeling of the internal 
limiting membrane [35] and fibrovascular membranes.

The narrow field of view necessitates care when moving 
instruments to avoid iatrogenic retinal or lens touch. The 
zoom of the image is changed by bringing the endoscope 
closer or further away. The light intensity also needs to be 
reduced the closer the endoscope is brought to the area of 
interest, otherwise a whiteout phenomenon will occur.

During initial insertion of the endoscope into an opaque 
vitreous cavity, such as in trauma cases or endophthalmitis, 
a whiteout or blackout view on the monitor may occur. If the 
anterior segment allows, a core vitrectomy can be performed 

with a top-down view prior to endoscope insertion to prevent 
this. If there is no view through the anterior segment, then the 
cutter needs to be brought into contact with the endoscope 
tip and a localized clearance performed in order to allow a 
sufficient view. While this has inherent risks of iatrogenic 
complications, the risk decreases with surgeon experience. 
In any case, there is no other way to be able to proceed with 
surgery and the risks must be balanced against the prospect 
of not operating.

Due to the significant differences between endoscopic 
surgery and microscope-based vitrectomy surgery, wet or 
dry-lab training is recommended to accelerate the process 
of familiarization and allow relearning of the hand–eye 
coordination.

15.5  Case Study Example

15.5.1  ROP

This is a case of a baby born at 26 weeks gestational age 
at 755  g. The child presented at 44  weeks postmenstrual 
age, with right eye stage 4B (macular involving) ROP and 
left inoperable stage 5 ROP. Figure 15.6a demonstrates the 
degree of traction in the right eye, with inferior macular 
heterotopia. Figure 15.6b demonstrates the first and second 
attempts at sclerotomy formation with an MVR blade. The 
first attempt, the tip of the MVR blade can be seen to be 
in contact with anterior traction RD. Not recognizing this, 
as would normally be the case with standard non-endoscope 
trocar insertion, could have led to an iatrogenic retinal break 

c d

Fig. 15.5 (continued)

15 Endoscopic Surgery in ROP



120

and surgical failure and blindness in this child’s only seeing 
eye. The endoscope view highlighted this risk, and enabled 
repositioning of the MVR blade by 1 clock hour and is now 
seen to have safely entered the eye in a zone free of both lens 
and retina.

15.6  Conclusions

The endoscopic view during vitrectomy has a range of appli-
cations and is a useful adjunct to the modern-day micro-
scope. It is particularly helpful in unique ROP-RD specific 

a

b

Fig. 15.6 (a). Right RetCam fundus photo of premature baby born at 26 weeks with 4B ROP. Note the macular heterotopia. (b). Endoscopic 
guidance of sclerotomy creation with 23G MVR blade, demonstrating the utility of EAV in ensuring safe sclerotomy formation
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pathology, increasing the safety and efficacy of surgery by 
reducing the risk of iatrogenic lens and retinal trauma.
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Foveal Development in Retinopathy 
of Prematurity

William Raynor, Shwetha Mangalesh, Neeru Sarin, 
and Cynthia A. Toth

Abstract

Human foveal development is a complex process that can 
be altered by retinopathy of prematurity (ROP). 
Establishing a baseline of normal foveal development is 
paramount before understanding the impact caused by 
prematurity and ROP. It is important to recognize ROP as 
a neurovascular disease that impacts vascular develop-
ment, neuronal development, and the complex interplay 
between them.
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Our understanding of the normal foveal development comes 
from histopathological studies conducted in detail in primate 
retinae [1–3]. Over the last decade, significant advancement 
in human infant retinal imaging, particularly in optical coher-
ence tomography (OCT) and OCT angiography (OCTA), has 
allowed for bedside imaging of infants, thereby affording 
in vivo and longitudinal visualization of foveal development 
in both term and preterm infants [4, 5]. This chapter aims to 
highlight the process of normal foveal development and the 
influence of retinopathy of prematurity (ROP) on this pro-
cess, using histopathology, OCT, and OCTA studies.

16.1  Normal Foveal Development

All retinal layers are derived from the neuroectoderm, spe-
cifically a portion of the neural plate, during the first tri-
mester [6]. Early in the first trimester (around 4 weeks 
postovulatory age), two distinct progenitor layers become 
identifiable: the neural retinal layer and the retinal pigment 
epithelial layer, separated by an intraretinal space. 
Thereafter, the intraretinal space vanishes as these layers 
collapse onto each other; a continuous membrane is formed 
containing all precursor retinal layers [6]. The fovea serves 
as the anatomical foundation for visual acuity and color 
vision; the development of which begins at 12 weeks of 
gestation (Fig. 16.1) [7].

16.1.1  Early Development

The primitive layers of the central retina are first established 
in the region of the developing macula. At around 10–12 
weeks of gestation, the ganglion cell layer (GCL) and inner 
plexiform layer (IPL) are clearly defined and visualized in 
the central retina [8]. By 16 weeks, all the retinal laminae can 
be easily identified. A single layer of choriocapillaris devel-
ops at around 8 weeks gestation. It becomes more densely 
packed with medium and large-sized vessels in the outer 
stromal portion [9].

16.1.2  20–40 Weeks of Gestation

The first step in the formation of the foveal pit is the defini-
tion of the foveal avascular zone (FAZ) at the posterior pole, 
into which the blood vessels do not grow [10, 11]. At 24 
weeks of gestation, more than half of the retina is still 
engaged in neurogenesis but not at the posterior pole [12]. 
The FAZ develops in the GCL between 25 and 27 weeks of 
gestation. At 28 weeks of gestation, the FAZ is defined by the 
innermost vascular plexus at the GCL/IPL interface; how-
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ever, there are no vessels in the deeper foveal layers at this 
time [9]. These vessels (in the deeper plexuses) form by 32 
weeks [9].

The formation of the structural layers below the pit occurs 
once the FAZ is fully enclosed by the perifoveal capillaries 
[10]. Between 25 and 27 weeks of gestation, the inner retinal 
layers are displaced peripherally to form the foveal pit, which 
is known as centrifugal migration [5]. During the formation 
of the pit, the GCL begins to thin in the fovea. Between 28 
and 37 weeks of gestation, the foveal pit is distinct with the 
outward displacement of the GCL, IPL, and inner nuclear 
layer (INL) (Fig. 16.2). At the edges of the pit, the INL is 
divided by a layer of cytoplasm that separates the innermost 
cell bodies from the rest of the INL. This layer is known as 
the transient layer of Chievitz, which is constituted mainly 
by Muller cell processes that angle away from the foveal pit 
indicating the displacement of the neurons and the glia 
peripherally [2]. Between 37 and 39 weeks PMA, the layers 
are thinning at the foveal center (Fig. 16.3).

The foveal cones, although being the first cells to differ-
entiate are the last to reach adult-like maturity [8, 13, 14]. 
The central foveal cones at 40 weeks gestation are only 
slightly more differentiated and taller than at 20 weeks. 
Retinal photoreceptors have a rudimentary inner segment 
and absent outer segments. The outer segments develop on 
the cones by 36 weeks gestation.

At birth, the fovea is still immature, as the outer nuclear 
layer (ONL) consists of morphologically immature cone 
photoreceptors and the foveal pit may still include the GCL 
and INL (Fig. 16.3). In the late prenatal and early postnatal 
periods, the choroid thickens due to an increased density of 
capillaries in the choriocapillaris and a large number of 
medium and large vessels in the inner and outer stroma also 
known as the Stattler’s and Haller’s layers, respectively [9].

16.1.3  After Birth

After birth, the overall layers at the foveal center continue to 
thicken, with the GCL, INL, and IPL becoming only 1–2 
cells deep. Around 9–15 months, the GCL, IPL, and INL 
fuse into a single layer at the center of the foveal pit [4]. 
Between 28 months and 13 years, the pit becomes wider and 
shallower with only cone cell bodies at the center of the pit. 
The most striking changes after birth are in the outer plexi-
form layer (OPL) and the interdigitation zone (IZ) between 
the outer segments and RPE. The long cone axons are promi-
nent across the central retina now making the OPL a much 
thicker layer. Central foveal cones develop elongated tapered 
inner segment and short outer segment when compared to 
the periphery [2, 5]. In general, IZ band is the last to mature 
and is not visualized before 46–47 weeks PMA [14–16]. By 
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Fig. 16.1 Foveal microanatomy. Locations of neuronal elements (left) 
and vascular elements (right) superimposed on a spectral-domain opti-
cal coherence tomography (SDOCT) image of retinal layers. The inner 
retinal layers (IRLs) are divided into the retinal nerve fiber layer 
(RNFL), the ganglion cell layer (GCL), the inner plexiform layer (IPL), 
and the inner nuclear layer (INL). The outer retinal layers (ORLs) are 
divided into the outer plexiform layer (OPL), outer nuclear layer 
(ONL), the inner segments (IS) of photoreceptors, the ellipsoid zone 

(EZ), the outer segments (OS) of photoreceptors, the interdigitation 
zone (IZ), and the retinal pigment epithelium (RPE) with the choroid 
beneath. Cell bodies and nuclei are located in more hypo-reflective 
(darker) layers. Cellular projections are located in more hyper-reflective 
(lighter) layers. The vascular elements include the superficial vascular 
plexus (SVP), the deep capillary plexus (DCP), the intermediate capil-
lary plexus (ICP) that bridges between the SVP and DCP, and the cho-
roid. The SDOCT image is taken from a 10-year-old male born at term
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12–13 years, the fovea is mature in all aspects [5, 13, 14]. 
The choroidal pigmentation is first seen on the outer stroma 
after birth, which progressively increases within the stroma 
until adulthood [9].

16.1.4  OCT Imaging of Foveal Development

With the use of high-resolution, spectral-domain OCT 
(SDOCT) from 30 weeks PMA, the correlation of human 
foveal development on OCT with histopathology has been 

demonstrated (Fig.  16.4) [4, 17]. The retinal layer thick-
nesses change during foveal development. On SDOCT, the 
layers of the retina are displayed as alternating bands of 
hyper- and hypo-reflectivity that correspond to the layers 
defined by histology. These SDOCT bands are labeled from 
inner to outer: nerve fiber layer (NFL); GCL; IPL; INL; 
OPL; ONL, which includes Henle fiber layer (ONL+HFL); 
external limiting membrane (ELM); ellipsoid zone (EZ); 
outer segments (OS); and retinal pigment epithelium (RPE) 
[18, 19]. On SDOCT, axons are typically hyper-reflective. 
However, the photoreceptor axons in Henle’s fiber layer are 

Fig. 16.2 Comparison of spectral-domain optical coherence tomogra-
phy (SDOCT) to histology of foveal development in normal premature 
infant retinas early in the third trimester of development (top) and closer 
to term age (bottom). Inner layer development predominates here. 
SDOCT numeric bands are indicated on the OCT images (left) and can 
be compared to the light micrograph on the right (projected ∼2:1 scale 
to match SDOCT). The GCL+IPL band at the fovea is primarily IPL. At 
31 weeks the inner (IS) and outer (OS) segments are too short to separate 
band 8 from the RPE. By 36 weeks, the peripheral IS (bottom left, box) 
is now long enough to appear as a blurry band 8 in SDOCT. 1 = nerve 

fiber layer (NFL); 2 = ganglion cell layer (GCL); 3 = inner plexiform 
layer (IPL); 4 = inner nuclear layer (INL); 5 = outer plexiform layer on 
OCT and includes photoreceptor synapses (9 = OPL Photoreceptor syn-
apses); however, Henle fibers (Ax) are hypo-reflective and included in 
6 = outer nuclear layer (ONL/HFL) on OCT; 8 =  immature ellipsoid 
zone (EZ); 10  =  thin immature retinal pigment epithelium (RPE). 
(Adapted from Vajzovic L, Hendrickson AE, O’Connell RV, Clark LA, 
Tran-Viet D, Possin D, et al. Maturation of the human fovea: correlation 
of spectral-domain optical coherence tomography findings with histol-
ogy. Am J Ophthalmol. 2012;154(5):779-82; with permission)
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hypo-reflective because of their alignment and distribution 
from the fovea. They are generally not distinguished from 
the photoreceptor nuclei. Thus, the hypo-reflective band, 
labeled ONL+HFL, includes the axons and nuclei and has 
been conventionally termed ONL [18].

Several groups have demonstrated a progressive increase 
in neurosensory retinal thickness across the macula from 30 
weeks PMA (Fig. 16.5) [4, 14, 16]. The total neurosensory 

retinal thickness is found to be the thinnest in the fovea and 
the thickest in the periphery. As the age advances, the pit 
deepens, and the pit shoulders increase in height to create the 
greatest thickness difference in the foveal center and the 
parafoveal region (foveal/parafoveal ratio). The NFL is con-
sistently thin in the fovea and changes very little here with 
age. The GCL+IPL layers are found to be thinner at the fovea 
than at the periphery. The INL shows pronounced thinning at 

Fig. 16.3 Comparison of spectral domain optical coherence tomogra-
phy (SDOCT) to histology of foveal development of the photoreceptor 
layers in normal term infants. Infants with retinopathy of prematurity 
may have delay. Inner retinal layers have collapsed together at the 
fovea, more so at 40 weeks PMA. Photoreceptors at the fovea begin 
their rapid growth in these phases. In phase 3 (Top left) the IS band was 
generally not discernable at the foveal center, while in phase 4 (Bottom 
left) this band is visible. The equivalent location of regions a, b, and c 
on the light micrographs (Right) are indicated on the SDOCT scan 
(Bottom left). On histology, lengths of IS+OS are notably shorter at the 
fovea than in the periphery (region a vs c, Right, white double-headed 
arrows). The elongation of OS in the periphery results in hypo- reflective 
band 9 (horizontal white arrow in SDOCT Top and Bottom left) that 

separates EZ from RPE. Henle axons (Ax, in regions a and c) would 
appear hypo-reflective and contribute to the thickness of band 6 outside 
the foveal center in SDOCT (Bottom left). 1 = nerve fiber layer (NFL); 
2 = ganglion cell layer (GCL); 3 = inner plexiform layer (IPL); 4 = inner 
nuclear layer (INL); 5 = outer plexiform layer on OCT and includes 
photoreceptor synapses (OPL/PSL); however, Henle fibers (Ax) are 
included in 6 = outer nuclear layer (ONL/HFL) on OCT; 8 = photore-
ceptor inner segments ellipsoid (EZ); 10 = retinal pigment epithelium 
(RPE). (Adapted from Vajzovic L, Hendrickson AE, O’Connell RV, 
Clark LA, Tran-Viet D, Possin D, et al. Maturation of the human fovea: 
correlation of spectral-domain optical coherence tomography findings 
with histology. Am J Ophthalmol. 2012;154(5):779-89 e2; with 
permission)
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Fig. 16.4 Changes in Thickness of Foveal Layers from Preterm 
Period to Teenage Years. Mean retinal layer thicknesses are shown 
relative to their eccentricity from the foveal center at 0.0 mm. 
Measurements were from groups of infants and children (5–9 per sub-
group in Phases 1–7) from 30 weeks postmenstrual age (PMA) to 16 
years of age. The total retina is upper left. Inner retinal layers are in the 
left column and most of the change occurs in Phases 1–3 (the thickness 
lines are palest for the youngest phase (imaged from 30–32 weeks 

PMA) and darkest for the oldest phase (imaged at ages 6–16 years). 
Outer retinal layers are in the right column and the majority of the 
change is after Phase 2–3. Infants with macular edema of prematurity 
were excluded. (Adapted from Vajzovic L, Hendrickson AE, O’Connell 
RV, Clark LA, Tran-Viet D, Possin D, et al. Maturation of the human 
fovea: correlation of spectral-domain optical coherence tomography 
findings with histology. Am J Ophthalmol. 2012;154(5):779-89 e2; 
with permission)

16 Foveal Development in Retinopathy of Prematurity



128

the foveal center around 37–42 weeks PMA, while the hyper- 
reflective OPL attains a flat contour around term age [4]. 
With cone packing and development, the ONL shows a pro-
found increase at the fovea from 40 weeks PMA onwards, 
creating a bulge. The ELM is first seen at around 40 weeks 
PMA and the RPE shows little or no change throughout the 
development process [4]. Putting this all together, the imma-
ture preterm fovea from approximately 30–39 weeks actu-
ally thins at the foveal center as the inner retinal centrifugal 
migration occurs, then from 40 weeks PMA onward, the 
foveal thickness increases as photoreceptor development 
progresses [4]. By 12 years, the foveal thickness is compa-
rable to the adult retina [14].

16.2  Effect of Prematurity and Retinopathy 
of Prematurity on Foveal 
Development

Retinopathy of prematurity (ROP) is a leading cause of 
blindness in preterm infants and varies from country to coun-
try depending on their socioeconomic development [20]. It is 
influenced by both genetic and environmental factors. 
Several genetic variants in EPAS1, VEGF, SOD, the WNT 
family and intron of BDNF have been found to be associated 
with ROP [21]. Prior to 30 weeks PMA, a major consequence 
of preterm birth is reduced expression of vascular endothe-
lial growth factor (VEGF) in the retina, due to exposure to 
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Fig. 16.5 A three-dimensional view of retinal layer development from 
31 to 43 weeks postmenstrual age (PMA) in a preterm infant with zone 
II, stage 2 ROP. The total retinal layers (TRL) have the greatest contri-
bution from the IRL (second thickness row), while the photoreceptor 
layer (PRL) remains exceedingly thin at the foveal center until 43 
weeks PMA. The photoreceptor outer segments (OS) develop in a para-
foveal annulus at 34 weeks and gradually develop toward the foveal 

center. Thickness quantities at a given region are represented by a color 
scale (on left). Foveal centers are marked by magenta asterisks. The 
central foveal B-scan (cross-sectional view) is shown at the top of each 
column. (Adapted from Maldonado RS, O’Connell RV, Sarin N, 
Freedman SF, Wallace DK, Cotten CM, et  al. Dynamics of human 
foveal development after premature birth. Ophthalmology. 
2011;118(12):2315-25; with permission)
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higher oxygen levels than in utero, resulting in slowed 
growth of retinal vessels [22]. The resulting hypoxia then 
drives elevated VEGF levels and other factors to result in 
ROP which is often perceived as only avascular disease. The 
neurosensory retina is also immature and affected by these 
growth factors. Thus, the effect of ROP on foveal develop-
ment is influenced by both environmental and genetic factors 
associated with ROP that modulate active developmental 
processes, at multiple stages of gestation [7].

16.2.1  Formation of the Foveal Pit

Various imaging tools such as color fundus photos, fluores-
cein angiography (FA), OCT, and OCTA can be used to 
detect and understand macular neurovascular abnormalities 
in ROP [23–25]. Prior to the imaging era, data on foveal 
microanatomy in ROP, besides histopathology was gathered 
by clinical examination of the sequential appearance of three 
macular features: pigmentation, annular ring, and foveolar 
pit [26]. Preterm infants were noted to have a decrease in 
prominent foveal pigmentation, lack of annular reflex, and a 
poorly visualized foveal pit [26].

In infants born very preterm, the foveal pit formation may 
have barely begun; therefore, the infants born at this age are 
more likely to experience a range of structural variations that 
may result in visual impairments [27, 28]. Two main abnor-
mal morphological findings in the inner and outer retinal lay-
ers in ROP are: persistent inner retinal layers (IRL), and 
immature photoreceptor layers resulting in a fovea plana 
which may be indistinguishable from foveal maldevelop-
ment of albinism [29]. This has become apparent with OCT 
exams of infants and children with a history of preterm birth 
[16]. The persistence of IRL is characterized by the presence 
of GCL, IPL, and INL as distinct measurable layers at the 
foveal center [16, 30]. The persistence of GCL and INL in 
the central fovea suggests reduced outward migration of 
inner retinal neurons. It is important to note that the mecha-
nism that mediates centrifugal (or radially outward) migra-
tion of inner retinal cells leading to the formation of the pit is 
independent of that of the outer retina and the photoreceptor 
layer, which mediate centripetal (or radially inward) dis-
placement of the cones [4, 16]. The only identified structural 
abnormality thus far in the outer retina is a delay in the devel-
opment of the EZ in preterm infants when compared to term 
infants [28]. Within the macula, choroidal vascular filling 
defects are common in aggressive posterior ROP [23]. 
Choroidal thickness development also continues after pre-
term birth and OCT studies have shown a delay in develop-
ment in preterm infants relative to that of term infants [31]. 
This may be due to the oxidative stress or VEGF impacting 
this vascular plexus.

16.2.2  Neurovascular Development 
in the Fovea

Small or absent FAZ, observed on FA, is a hallmark of pre-
maturity observed on FA [23, 32]. The smaller FAZ in pre-
maturely born people [33, 34] may be explained by the 
delayed retinal vascular growth due to the exposure to 
oxygen- rich environment and the halted process of apoptosis 
that leads to the regression of vessels forming the FAZ [2, 32, 
35]. Therefore, environmental factors could modify the 
expression of antiangiogenic factors that define FAZ and/or 
the timing of plexus formation may result in the delayed for-
mation of FAZ in preterm infants [7].

Children with a history of ROP have been found to have a 
smaller FAZ when compared to age-matched controls [24], 
and further, children with a history of Type I ROP have 
shown a smaller FAZ when compared to normal children 
[25]. The persistence of a spider-web like central foveal cap-
illary network on OCTA has been associated with the absence 
of the foveal pit on the structural OCT [24, 36]. The reason 
for this may be that a small FAZ with the presence of capil-
laries and astrocytes close to the foveola retards the centrifu-
gal migration of the inner retinal layers during development 
[37]. Chen and colleagues imaged the central macular region 
of a premature infant from 33 weeks to 35 weeks PMA and 
highlighted that the vascularized retina (adjacent to the FAZ- 
to- be) is thicker than the non-vascular retina and the deep 
vascular plexus is not visible at this age, consistent with his-
torical histopathological findings [38, 39].

Retinal vascular filling defects, seen as hypoflouresence 
on FA, are known to occur in aggressive posterior ROP [23]. 
Macular microvascular anomalies have also been reported 
after treatment of type 1 ROP, and these show violation of 
vascular stratification, with large superficial vessels diving 
from the IPL into INL, and deeper superficial vascular com-
plex vessels located closer to the IPL associated with incom-
plete perifoveal deep vascular complex development 
(Figs. 16.6 and 16.7) [40]. These findings demonstrate how 
the retinal perifoveal microvasculature undergoes an active 
developmental and remodeling process during the critical 
postnatal period of ROP pathogenesis [40].

16.2.3  Other Foveal Findings Associated 
with ROP

Macular edema of prematurity (MEOP) has been detected 
incidentally during SDOCT imaging of infants with ROP by 
various research groups across the world (Fig. 16.8) [41–44]. 
MEOP is bilateral, symmetric, isolated in the INL, and typi-
cally causes foveal bulging hypo-reflective cystoid spaces 
separated by hyper-reflective septae. This has generally not 
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persisted beyond 42 weeks PMA [43, 45]; however, when it 
has persisted it has been associated with poor neurodevelop-
mental and visual outcomes [46, 47]. Whether this is intra- or 
extra-cellular fluid and due to oxygen or VEGF imbalance or 
other transient structural or fluid events or even inflammation 
is not yet known. Infants with MEOP have also demonstrated 
a delay in the development of photoreceptors [28]. The role 
of ROP in MEOP remains unclear, as the presence or absence 
of MEOP was not associated with ROP outcomes [42]. 
While the etiology of MEOP remains unclear, a number of 
studies have identified neurodevelopmental and functional 

outcomes suggesting that this is a pathological phenomenon 
rather than a phenotypic variant of development [45–48].

16.2.4  Retinal Schisis and Detachment in ROP

Schisis and detachment may affect the foveal center in 
ROP. Tractional retinal schisis in contrast to MEOP is often 
flat and associated with epiretinal membrane rather than bulg-
ing at the foveal center. The foveal involvement may be dif-
ficult to determine in advanced stages of ROP on clinical 

a

c

b

Fig. 16.6 Vascular anomalies on optical coherence tomography angi-
ography (OCTA) in the macula of a 17-month-old child. The child was 
born at 24 weeks and 410 g and received intravitreal anti-VEGF and 
laser of avascular retina for retinopathy of prematurity. Large vessels 
from the superficial vascular complex (SVC) do not remain within the 
SVC as expected; they dive into the deep vascular complex (red circles 

in panel A and panel B; red arrow in panel C). (Adapted from Hsu ST, 
Chen X, House RJ, Kelly MP, Toth CA, Vajzovic L. Visualizing Macular 
Microvasculature Anomalies in 2 Infants With Treated Retinopathy of 
Prematurity. JAMA Ophthalmol. 2018;136(12):1422-4; with 
permission)
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examination (Ex: Stage 4, whether 4A or 4B). These findings 
are readily visualized with macular SDOCT imaging which is 
especially helpful in advanced stages of ROP. For example, 
clinically undetected retinoschisis has been identified in mul-
tiple infants with Type I ROP [49] and OCT has been used to 
detect subclinical detachment at the fovea that was unrecog-
nized on ophthalmoscopic examination, thus, revealing Stage 
4B ROP [41, 50, 51]. OCT imaging of these findings, although 

transient during development, may be used to determine the 
response to novel clinical treatments for ROP [51].

Foveal development may be assessed by tests of function 
which currently involve preferential looking using Teller 
acuity cards [52], contrast sensitivity, and optotype visual 
acuity. The association between macular structure and visual 
function from the Early Treatment for Retinopathy of 
Prematurity study showed that while unfavorable morphol-

a

c

b

Fig. 16.7 A very small foveal avascular zone (FAZ) and abnormal 
location of vascular complexes within the retina observed on optical 
coherence tomography angiography (OCTA) of the macula of an infant 
with 4A retinopathy of prematurity (ROP). The infant was born at 24 
weeks and had prior laser treatment for ROP OU. Panel A shows the 
small FAZ. Panel B shows the lack of vascular flow toward the center in 
the deep vascular complex (DVC) and the DVC segmentation is 

between the red dotted lines in panel C. Panel C shows the unusually 
deep location of the presumed SVC, below the orange brackets. 
(Adapted from Hsu ST, Chen X, House RJ, Kelly MP, Toth CA, 
Vajzovic L.  Visualizing Macular Microvasculature Anomalies in 2 
Infants With Treated Retinopathy of Prematurity. JAMA Ophthalmol. 
2018;136(12):1422-4; with permission)
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ogy due to injury or delayed development of the posterior 
pole in infants with advanced ROP correlated with poor 
visual acuity, many of these infants had a normal-appearing 
macula and yet had subnormal visual acuity [53]. Thus, tran-
sient ROP effects on the fovea may have a lasting impact on 
vision. Additional more sensitive measures of distinct cone 
and rod function have been used to further investigate this 
impact. Maturation of normal rod photoreceptor and rod- 
driven post-receptor retinal processes can be demonstrated 
by analysis of the electroretinogram (ERG) a- and b-wave 
responses to full-field, brief flashes that span a several log 
unit range of stimulus intensities [54]. The multifocal ERG 
(mfERG) provides topographical information about the cen-
tral retina. While cone-driven bipolar cells (post-receptor 
retina) are the main contributors to mfERG responses, both 
cones and rods are found in this region, ROP zone 1 [55]. 
Infants with mild ROP have delayed maturation of rod- 
mediated retinal sensitivity and also have deficits in cone- 
driven post-receptor activity [55].

16.3  Summary

The advent of OCT and OCTA imaging in preterm infant 
development and injury has significantly contributed to our 
understanding of the retinal and foveal microanatomy in the 
preterm infants, including those with ROP.  These newer 
imaging modalities have provided useful new perspectives 
on macular neurovascular development and in in-vivo docu-
mentation of age-appropriate maturation associated with 
preterm birth and ROP.  Information derived from electro-

retinographic and imaging studies link cellular and morpho-
logic changes associated with the disease process and 
function. These point to the importance of recognizing ROP 
as a neurovascular disease that not only affects vascular 
development, but it also has an impact on the development 
of neural tissue and their complex partnership in 
development.
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Neurodevelopmental Outcomes 
Following Anti-VEGF Treatment for ROP

Yuan-Yao Fan and Wei-Chi Wu

Abstract

Although BEAT-ROP study has demonstrated no 
increased rates of death or severe ocular adverse events in 
ROP infants receiving IVB compared to those receiving 
conventional laser, concerns about the safety of IVB in 
newborns are still being raised. Pharmacokinetic studies 
have shown suppression of serum VEGF levels after IVB 
in ROP infants, and laboratory studies have shown that 
VEGF plays a role in neurogenesis in embryo and new-
born. Investigation of the impact of IVB in newborns on 
neurodevelopment have been addressed in only a few 
studies. However, those studies have shown inconsistent 
conclusion, also all of them had certain bias and were lim-
ited by their small case number. Currently, there is no 
consensus on how to use IVB properly in ROP patients in 
regard to both its safety and effectivity. Further studies are 
needed to provide stronger evidence regarding the impact 
of IVB on neurodevelopment.
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Abbreviations

BEAT-ROP Bevacizumab eliminates the angiogenic threat 
of ROP

BW Birth weight
ETROP Early treatment for ROP
GA Gestational age
IVB Intravitreal injection of bevacizumab
IVI Intravitreal injection
IVR Intravitreal injection of ranibizumab
NICU Neonatal intensive care unit
ROP Retinopathy of prematurity
VEGF Vascular endothelial growth factor

The treatment of retinopathy of prematurity (ROP) aims at 
halting the pathological neovascularization propelled by an 
elevation in intraocular vascular endothelial growth factor 
(VEGF) [1]. Although laser photoablation of the peripheral 
avascular retina remains the standard ROP treatment, VEGF 
inhibition treatment by intraocular delivery of anti-vascular 
endothelial growth factor (anti-VEGF) has gradually 
increased after Bevacizumab Eliminates the Angiogenic 
Threat of ROP (BEAT-ROP) study showed a significant ben-
efit of intravitreal injections of bevacizumab (IVB) over laser 
treatment for zone I stage 3+ (i.e., stage 3 with plus disease) 
ROP cases [2]. However, safety issues were too difficult to 
address in the BEAT-ROP study owing to the small sample 
size and relatively low rates of severe adverse events recorded 
in the study (i.e., cornea opacity requiring corneal transplant, 
lens opacity requiring cataract removal, and death). Power 
analysis has determined that a patient population as large as 
2800 infants, which is difficult to achieve, would be needed 
to demonstrate whether IVB is associated with a signifi-
cantly higher mortality rate compared to laser treatment [2, 
3]. Therefore, although currently no data have been reported 
regarding increased rates of death or severe adverse events in 
ROP infants receiving IVB [2, 4], ongoing concerns about 
the safety of IVB in those newborns have still been raised 
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[5–7], and there are currently no definite conclusions regard-
ing how to properly use IVB for ROP treatment.

Studies of the pharmacokinetics of IVB in ROP infants 
have shown that bevacizumab molecules enter systemic cir-
culation and affect serum VEGF levels. A study by Sato et al. 
demonstrated a suppression of systemic VEGF levels for at 
least 2 weeks after intravitreal injection (IVI) of either 
0.25 mg or 0.5 mg bevacizumab in infants with stages 3, 4, 
and 5 ROP [8]. Kong et al. showed that serum VEGF levels 
dropped 2 days after either laser treatment or IVB at different 
doses (0.25 mg or 0.625 mg) was given to ROP infants and 
that the reductions were more significant in IVB-treated 
patients [9]. They also found a detectable level of serum bev-
acizumab in those infants 60 days after IVB [9]. A series of 
studies by Wu et  al. [10–12] further showed that serum 
VEGF levels in type 1 ROP infants were suppressed for as 
long as 12 weeks after 0.625 mg IVB was given [10–12].

Laboratory studies have shown a role of VEGF in neuro-
genesis in embryos as well as in newborn infants. Breier 
et al. [13] found abundant VEGF mRNA levels in the ven-
tricular neuroectoderm of embryonic and neonatal murine 
brains when endothelial cells rapidly proliferate, while adult 
murine brains had reduced levels of VEGF transcripts when 
endothelial cell proliferation ceased [13]. Bagnard et al. [14] 
found that VEGF165 promotes the migration, survival, and 
proliferation of a neural progenitor cell line [14]. Jin et al. 
[15] found that VEGF treatment enhances embryonic corti-
cal neural progenitor cell proliferation in vitro and that intra-
cerebroventricular administration of VEGF stimulates 
neurogenesis, astrocyte production, and endothelial cell 
growth in the hippocampus and the lateral subventricular 
zone in adult rats [15]. Zhang et al. [16] found that neural 
progenitors derived from the newborn rat rostral subventric-
ular zone expressed VEGF receptors after fibroblast growth 
factor 2 (FGF2) stimulation, and VEGF guided the directed 
migration of those undifferentiated neural progenitors [16]. 
In a study by Malik et al. [17], VEGF expression was found 
to be lower in preterm rabbit newborns than in term new-
borns [17]. Additionally, treatment with hypoxia-mimetics 
after preterm delivery not only significantly increased VEGF 
levels but also restored neurogenesis in these preterm rabbit 
pups [17]. Furthermore, by studying human samples from 

spontaneous abortus and dead premature infants, Malik et al. 
also found that significant neurogenesis continued in human 
preterm infants born at a gestational age (GA) of less than or 
equal to 28 weeks [17]. Therefore, deprivation of serum 
VEGF may lead to neurodevelopmental delay and reduced 
growth of the cerebral cortex in preterm newborns.

Since VEGF plays a role in neurogenesis in embryos and 
preterm infants, the impact of IVI anti-VEGF, when per-
formed on premature newborns, on neurodevelopment is of 
interest for a better understanding of the safety issues 
(Fig.  17.1). However, neurodevelopmental outcomes after 
IVB for ROP have been addressed in only a few studies. In a 
prospective noncomparative case series by Martínez- 
Castellanos et  al. [18], infants who received IVB for ROP 
were evaluated annually by the pediatricians using the stan-
dardized Denver Developmental Screening Test II.  The 
majority of patients showed normal neurodevelopmental 
scores 5 years after the use of IVB, while one patient experi-
enced developmental delay in personal social skills (25th 
percentile), language skills (25th percentile), and fine motor 
adaptive skills (50th percentile) [18]. However, the study 
was limited by its relatively small number of patients (18 
eyes of 13 patients) as well as its noncomparative design, 
making it difficult to determine whether there were actual 
neurodevelopmental differences between IVB-treated pre-
term infants and untreated infants.

Morin et  al. [6] first compared the neurodevelopmental 
outcomes of 125 preterm infants treated with IVB (n = 27) 
and laser ablation (n = 98) using the Bayley Scales of Infant 
and Toddler Development (Bayley-III) for assessment. In 
this retrospective study, they found a significantly lower 
motor composite score in patients receiving IVB than in 
those receiving laser ablation (median: 81 vs. 88, respec-
tively; p = 0.02), while no differences were noted in the cog-
nitive and language composite scores. They further 
investigated the risks of neurodevelopmental impairment 
and found higher odds of motor composite score <85, neuro-
developmental impairment (defined as cerebral palsy, senso-
rineural/mixed hearing loss, visual impairment, or Bayley-III 
composite scores <85), and severe neurodevelopmental dis-
ability (defined as cerebral palsy with Gross Motor Function 
Classification Scale of 3,4, or 5, requirements for hearing 

VEGF
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Fig. 17.1 Concerns about the 
effects of IVB on 
neurodevelopment in 
newborns have been raised
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aids or cochlear implants, bilateral visual impairment, visual 
acuity poorer than 20/70, or Bayley-III composite scores 
<70) in patients receiving IVB than in those receiving laser 
ablation [6]. However, it is worth noting that the neurodevel-
opmental disabilities in that study may not be reliable indica-
tors of neurodevelopmental outcomes, since some of the 
included items were questionable. First, cerebral palsy is not 
a postnatal neurodevelopmental disorder. In contrast, it is a 
movement disorder that is present and diagnosed at birth. 
Infants born with cerebral palsy would have cerebral palsy 
before any treatments, and treatments would not change it. 
Second, visual outcomes are highly related to the severity 
and treatment outcome of ROP itself. Therefore, including 
visual impairment as a criterion for neurodevelopmental 
impairment related to the ROP treatments would be highly 
confounded by those patients’ ROP consequences. Blair 
et  al. [19] also commented that the treatment indications 
were not mentioned in this study and that the IVB group in 
this study included sicker infants with worse ROP statuses 
compared to the laser group, which may be related to differ-
ences in treatment indications [19]. In addition, more patients 
were excluded from the laser group due to an inability to 
undergo Bayley-III assessment, which may have been related 
to poorer neurodevelopment [19].

Lien et al. [20] retrospectively compared the neurodevel-
opment of 61 preterm infants with type 1 ROP treated with 
IVB only (n = 12), laser only (n = 33), and a combination of 
laser and IVB treatment (n  =  16), with assessments per-
formed at the corrected ages of 6, 12, 18, and 24 months with 
the Bayley-II as the assessment tool. They found that patients 
treated with laser treatment alone and IVB alone did not sig-
nificantly differ in mental or psychomotor development and 
that the worst neurodevelopmental outcomes were noted in 
the combined IVB and laser group. Patients in the combined 
IVB and laser group had significantly lower mental develop-
mental index (p  =  0.028) and psychomotor developmental 
index (p = 0.002) values as well as a higher risk of severe 
psychomotor impairment at 24 months (p  =  0.042) than 
patients in the laser group [20]. However, as commented by 
Blair et  al. [19], patients in the combined IVB and laser 
group in this study were younger, had a lower birth weight 
(BW), and were also significantly more likely to have zone I 
disease, which would have certain impact on neurodevelop-
mental outcomes [19].

Kennedy et al. [21] analyzed the medical and neurodevel-
opmental outcomes of a subgroup of 18 inborn infants at one 
study site of the BEAT-ROP study. In the study, infants with 
stage 3+ ROP were randomized to either IVB or laser treat-
ment, as in the BEAT-ROP study, and neurodevelopmental 
outcomes were evaluated at the corrected age of 18–22 
months using the Bayley-III for assessment. The results 
showed that there were no significant differences between 
the IVB group and laser group in all three composite scores 

(cognitive, language, and motor), but there seemed to be a 
trend toward higher scores in the IVB group. However, this 
study was limited by its small number of patients (7 and 9 
patients in the IVB and laser groups, respectively), which 
might not be sufficiently powered to demonstrate small but 
important differences. Additionally, it must be noted that the 
treatment criteria in this study, as in the BEAT- ROP study, 
were stage 3+ ROP in zone I or zone II posterior, which dif-
fers from the currently more widely accepted criteria, i.e., 
type 1 ROP defined by the ETROP study.

More recently, Fan et al. [22] conducted the first prospec-
tive comparative study regarding neurodevelopmental out-
comes after IVB.  In the study, three groups of premature 
infants were enrolled, including premature infants without 
ROP (n = 79), premature infants with ROP without require-
ments of treatment (n = 31), and premature infants with type 
1 ROP treated with one dose of IVB (n = 38). Based on the 
study by Morin et al. [6], a prestudy power analysis was per-
formed to determine the sample size needed to identify a 
significant difference in odds ratios of severe neurodevelop-
mental disability. Neurodevelopmental assessment was con-
ducted at a corrected age of 1–3 years using the Bayley-III 
assessment tool. The results showed that the patients with 
ROP without treatment and the patients with ROP with IVB 
treatment had no significant differences in any aspects of the 
Bayley-III or in their risks of severe neurodevelopmental 
disability after adjustment for confounding factors. 
However, although satisfying the prestudy power analysis, 
the patient number in this study was still relatively small. 
Furthermore, the three groups, who had different ROP 
severities, were not comparable in their baseline conditions, 
such as GA, BW, and comorbidities. Although the compari-
sons of neurodevelopmental outcomes were adjusted for 
some of these factors, it is still difficult to weigh the poten-
tial impacts of these and other factors (that were not 
recorded) on neurodevelopment.

The patient number, assessment tools, and main findings 
of the abovementioned comparative studies are summarized 
in Table  17.1. While interpreting those studies comparing 
the effects of IVB and laser treatment on neurodevelop-
mental outcomes, one should notice that the laser groups in 
those studies should not be viewed as “negative controls.” 
Although laser treatment is currently the standard treatment 
for ROP, lasers may also have certain effects on neurodevel-
opment. First, the need for general anesthesia or sedation 
while applying the laser is an issue, since general anesthe-
sia and sedative drugs in children less than 3 years of age 
may affect neurodevelopment, as indicated by the warning 
from the US Food and Drug Administration (https://www.
fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-
communication-fda-approves-label-changes-use-general-
anesthetic-and-sedation-drugs accessed July 22, 2020). 
Second, as demonstrated by Kong et al. [9], serum VEGF 
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levels decreased not only following IVB but also follow-
ing laser treatment, although the reductions were more 
significant and occurred more rapidly after IVB [9]. It can-
not be excluded that the suppression of serum VEGF fol-
lowing laser treatment may also have a certain effect on 
neurodevelopment.

Hwang et  al. [23] also conducted an animal study that 
investigated the systemic impact of IVB in rabbits. In the 
study, newborn rabbits received either one or two IVB or 
sham injections and were sacrificed 2 months later. Histology 

and immunohistochemistry examinations of the central ner-
vous system as well as major organs did not show significant 
differences among groups with different injection regimens 
[23]. As the first animal study designed to mimic IVB in 
newborns and to investigate its effect on organ development, 
this study provided important information regarding the sys-
temic safety of intravitreal anti-VEGF injection in newborn 
individuals, although anatomic similarity may not guarantee 
similarity of function in those organs, especially the central 
nervous system.

Table 17.1 Comparison of comparative studies regarding neurodevelopmental outcomes following IVB and laser treatment in ROP patients.

Design

Grouping and 
patient 
number

Treatment 
indication

Assessment 
tool Main findings Potential source of bias

Morin et al. 
Pediatrics. (2016)

Retrospective •  IVB (27)
•  Laser (98)

Not 
mentioned

Bayley-III •  Significantly lower motor 
composite scores in IVB 
group.

•  Significantly higher risk of 
motor composite score <85, 
neurodevelopmental 
impairment, and severe 
neurodevelopmental 
disability in IVB group.

•  Including patients with 
cerebral palsy and 
including them in the 
severe 
neurodevelopmental 
disability category.

•  More severe systemic 
illnesses and more severe 
ROP statuses in IVB 
group patients.

•  More excluded patients 
from the laser group due 
to an inability to undergo 
Bayley-III assessment, 
which may be related to 
poorer neurodevelopment.

Lien et al. PLoS 
One. (2016)

Retrospective •  IVB (12)
•  Laser (33)
•  IVB + laser 

(16)

Type 1 ROP Bayley-II •  Significantly lower mental 
developmental index and 
psychomotor developmental 
index values in the IVB + 
laser group than in the laser 
group.

•  Significantly higher risk of 
severe psychomotor 
impairment in the IVB + 
laser group than in the laser 
group.

•  No significant differences in 
neurodevelopmental 
outcomes between the IVB 
group and laser group.

•  Lower GA and BW in 
IVB + laser group.

Kennedy et al.J 
AAPOS. (2018)

Retrospective 
analysis of patients 
in one study site of 
a randomized trial 
(BEAT-ROP study)

•  IVB (7)
•  Laser (9)

Stage 3+ 
ROP in zone 
I or zone II 
posterior

Bayley-III •  No significant differences in 
neurodevelopmental 
outcomes between the IVB 
group and laser group, but 
there seemed to be a trend 
toward better 
neurodevelopmental 
outcomes in the IVB group.

•  Relatively small number 
of patients.

Fan et al.
Ophthalmology. 
(2019)

Prospective •  Prematurity 
without 
ROP (79)

•  ROP 
without 
treatment 
(31)

•  IVB (38)

Type 1 ROP Bayley-III •  No significant differences in 
neurodevelopmental 
outcomes and risk of severe 
neurodevelopmental 
disability between ROP 
without treatment group and 
IVB group.

•  Lower GA and BW and 
higher prevalence of 
comorbidities in IVB 
group.
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In conclusion, previously published studies all had certain 
biases and were limited by their small patient number. 
Furthermore, those studies showed inconsistent results. 
Currently, there remains no consensus on how to use IVB 
properly in ROP patients in regard to both its safety and effi-
cacy. Further larger-scale randomized controlled trials are 
needed to better address the impact of IVB on the neurode-
velopment of ROP infants.
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Artificial Intelligence for Retinopathy 
of Prematurity Diagnosis
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Abstract

Retinopathy of prematurity is a leading cause of child-
hood blindness. There are several challenges to care 
delivery in the real-world including inter-observer diag-
nostic error due to subjective diagnosis, human resource 
limitations for trained examiners, and a growing inci-
dence of disease in low- and middle-income countries. 
Digital fundus imaging has facilitated the development of 
telemedicine programs with central grading, and the 
application of artificial intelligence to improve the objec-
tivity of diagnosis. In this chapter, we review the back-
ground, early advances, and potential future applications 
of artificial intelligence to improve care for patients with 
ROP.
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Retinopathy of prematurity (ROP) is a leading cause of 
childhood blindness throughout the world [1]. ROP did not 
exist before the mid-twentieth century because the survival 
of premature infants was limited before that time. In the mid- 
twentieth century, with the development of modern neonatal 
care, and the use of supplemental oxygenation to support 
immature pulmonary development, neonatal survival rates 
began to increase. Unfortunately, this led to an epidemic of 

blindness from this new disease, initially called retrolental 
fibroplasia (RLF) reflecting the end-stage of the disease. It 
was soon determined that the incidence of RLF declined 
with more careful oxygen monitoring, and clinicians began 
to observe the earlier stages of the disease using 
ophthalmoscopy.

The International Classification for ROP (ICROP) first 
formalized the disease characteristics of ROP in 1984, and 
again in 2005, dividing the spectrum of disease into three 
characteristics: zone, stage, and plus disease [2, 3]. The zone 
of the disease refers to the posterior border of avascular ret-
ina—it is generally recognized that the more posterior the 
disease the worse the prognosis (zone “I” is worse than zone 
“II”). The stage of disease refers to the degree of vascular 
abnormality at the vascular–avascular border, from 0 (no dis-
ease) to 5 (total retinal detachment). Plus disease refers to the 
degree of vascular dilation and tortuosity in the posterior 
retina in severe ROP. Technically, per ICROP, the definition 
of plus disease is “arteriolar tortuosity and venous dilation in 
the posterior retina” more than depicted in a standard pub-
lished photograph. The National Institutes of Health (NIH) 
funded Cryotherapy for ROP (CRYO-ROP) and Early 
Treatment for ROP (ETROP) studies have defined the crite-
ria for evidence-based intervention with pan-retinal photoco-
agulation to reduce the risk of retinal detachment [4, 5]. 
Post-ETROP, treatment is initiated for type 1 ROP, defined as 
any zone I, any stage ROP with plus disease; zone II, stage 2 
or 3 ROP with plus disease; or zone I, stage 3 (even if plus 
disease is absent). Thus, plus disease is the critical disease 
feature defining the need for treatment in ROP (Fig. 18.1).

18.1  Real-World Problems

In practice, are several challenges in plus disease diagnosis: 
(1) Qualitative analysis of diagnostic processes suggest that 
clinicians develop a gestalt of disease severity and rely on 
clinical factors that are not part of the technical definition of 
plus disease [6, 7]. (2) It is challenging to compare the level 
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of disease to the standard photograph, which had a narrow 
field of view and high magnification [7, 8]. (3) There is some 
evidence that the classification of plus disease has changed 
over time toward less severe disease [9]. (4) Vascular abnor-
malities in ROP range from mild to severe, yet plus disease 
is classified into categories. Evidence suggests that different 
experts are systematically biased as to his/her cut-points 
between categories along the spectrum of severity [10, 11]. 
(5) These and other factors contribute to significant variabil-
ity in plus disease classification even among world experts. 
This has been shown in research studies [10, 12, 13], NIH 
funded clinical trials [14], and international randomized tri-
als [15].

There are also severe human resources limitations to meet 
the need for ROP screening worldwide. Even in the USA, 
due to medicolegal concerns, and limited training, fewer 
ophthalmologists feel comfortable and/or willing to manage 
ROP.  This problem is compounded in low- and middle- 
income countries (LMIC) where the disease is epidemic for 
two reasons: (1) improving neonatal mortality leading to 
higher at-risk population and (2) heterogeneous oxygen 
monitoring practices leading to higher incidence of any and 
severe ROP [16]. For both of these reasons (problems with 
plus disease diagnosis and limited workforce), several groups 
have explored quantitative computer-based analysis of vas-
cular disease in ROP.

18.2  Feature Extraction and Machine 
Learning

This avenue of research was enabled by the development of 
wide-angle digital fundus photography, notably the Retcam 
(Natus Medical Incorporated, Pleasanton, CA). Early 

attempts used specific measurements of dilation and tortu-
osity as a surrogate for the clinical entity of plus disease 
[17]. While several of these systems were developed, none 
of the feature extraction-based systems were routinely 
incorporated into ROP screening outside of research pur-
poses primarily due to poor correlation with the clinical 
diagnosis of plus disease. Feature extraction methods begin 
with vessel segmentation (Fig. 18.2) and then utilize vari-
ous measurements of dilation and tortuosity to quantify 
plus disease. A machine-learning-based system developed 
by the Imaging and Informatics in ROP (i-ROP) consor-
tium was able to meet or exceed classification performance 
of ROP experts on three-level (plus, pre-plus, no plus) clas-
sification, but required manually processed (hand-traced) 
vessel maps as inputs, severely limiting real-world useful-
ness (Fig. 18.3) [7, 18].

18.3  Deep Learning

Deep learning was first applied to plus disease in ROP by 
Worrall et al. in 2016 with some success, though notably lim-
ited by variable ground truth labels for plus disease [19]. In 
2018, Brown et al. published the results of the “i-ROP DL” 
system that was trained on more than 5000 images with a 
robust reference standard diagnosis (RSD) consisting of four 
independent classifications (three based on images and one 
based on ophthalmoscopy) [20]. The i-ROP DL system 
reported an area under the receiver operating characteristic 
curve (AUC) of 0.98 for the detection of plus disease, and 
0.94 for the detection of “worse than normal” disease against 
the RSD. On an independent test set of 100 images with 15 

Fig. 18.1 Representative image of an eye with plus disease

Fig. 18.2 Example of node-based vascular tracing. Starting from the 
optic nerve, a vascular tree of nodes and segment is developed. Both 
segments, and individual points along a segment can then be used to 
extract quantitative features of dilation and tortuosity (Credit to Esra 
Ataer-Cansizoglu, PhD)
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plus images and 32 pre-plus images, the system outper-
formed 7/8 international ROP experts with a kappa of 0.92 
on three level plus disease classification. The i-ROP DL net-
work consists of two serial networks: the first network takes 
a raw wide-angle digital fundus image and creates a vessel 
map, and the second classifies plus disease from the vessel 
map (as shown in Fig. 18.3) [20].

18.4  Translating to Clinical Practice: 
Development of a Severity Scale 
for ROP Screening

In theory, the diagnosis of zone and stage could also be per-
formed using montaged images, and thus a parallel network 
could diagnose not only plus, but the full ICROP classifica-
tion of zone, stage and plus. One practical challenge for 
direct implementation of an AI-based plus disease classifica-
tion system in ROP is that physicians may not accept a 
computer- based diagnostic system that has medicolegal 
implications for treatment. Under current treatment para-
digms, a diagnosis of plus disease requires treatment; there-
fore, it may be problematic to have that as the output of the 
system, if it is in conflict with clinical judgment. Given the 
fact that the vascular changes in ROP run a continuum, and 
that agreement on relative disease severity is better than 
agreement on classification, the i-ROP team developed a 
continuous severity score for ROP, based on the plus disease 
classification probability. The rationale behind a continuous 
score for vascular severity is that: (1) it could be used in 
screening to identify patients at a point in time or over time 

with clinically significant disease; (2) it would provide an 
objective metric of disease severity; and (3) it would not have 
the same therapeutic implication as a diagnosis of “plus dis-
ease.” In 2018, Redd et al. reported the results of a vascular 
severity score applied to the database of more than 5000 eye 
exams each classified with image grading and ophthalmos-
copy with an RSD [21]. The 1–9 score demonstrated an AUC 
of 0.95 for the detection of type 1 (treatment-requiring) ROP, 
and 0.91 for the detection of type 2 (or pre-plus) or worse 
disease. Separately applied to the independent test set of 100 
images, a cut-off of 3 demonstrated 100% sensitivity, 94% 
specificity for detection of pre-plus or worse disease. This 
reflects the fact that though ROP is classified as zone, stage 
and plus independent, these sub-classifications are physio-
logically related. Eyes with more posterior disease (zone 1), 
and more severe stage (stage 3) tend to have more severe 
dilation and tortuosity. Figure 18.4 demonstrates the mean 
severity score for eyes with zone 1 vs. zone 2, and stage I–III 
disease. This suggests that in a telemedicine model, this 
automated score could add objectivity to the detection of 
clinically significant disease.

18.5  Disease Monitoring Using 
an AI-Based Severity Score

Recent work has applied this concept to track disease sever-
ity over time. Using a small cohort of patients in each of five 
groups categories (no progression, progression to mild ROP, 
progression to pre-plus disease, progression to plus disease, 
and progression to APROP), Brown et al. demonstrated that 

Fig. 18.3 Manual (left) and automated (right) segmentation of image from Fig. 18.1. Feature extraction-based methods require manual or auto-
mated segmentation of the optic nerve and blood vessels
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each cohort has both rates of change, and peak severity lev-
els, that reflect the relative level of disease severity [22]. 
Taylor et al. expanded this to the entire i-ROP database, dem-
onstrating that eyes that progression to treatment demon-
strate a rapid and separable pace of disease, and suggest that 
eyes may be identified as high risk as early as a month prior 
to treatment [23]. This suggests that incorporated into an 
ROP screening program, a continuous score may correlate 
with clinical disease severity at a point in time, and change in 
score may have prognostic implications and identify eyes 
progressing to more severe ROP enabling early referral, 
diagnosis, and treatment.

Though NIH-funded clinical trials have defined the level 
of disease severity at which treatment is recommended, the 
regression of severe ROP after treatment has not been as well 
defined. Gupta et al. evaluated the ability of the ROP severity 
score to monitor disease regression in eyes with treatment- 
requiring ROP [24]. They found: (1) the vascular severity 
score dramatically increased in the month before treatment, 
and decreased after treatment; (2) eyes treated with anti- 
VEGF tended to have more aggressive disease and responded 
more rapidly than laser; and (3) eyes that required additional 
treatment tended to have higher severity scores at baseline. 
These results need to be further evaluated in larger prospec-
tive trials, but further suggest that the vascular severity score 
may help optimize the timing of treatment, and identify eyes 
that are responding suboptimally to treatment.

18.6  Future Applications

Artificial intelligence has demonstrated the ability to per-
form image recognition for numerous medical applications 
[25]. With enough quality data, it seems this technology can 
be trained to do many of the image-recognition tasks that 
humans can do, and perhaps better and more efficiently than 
humans. However, with the exception of IDx-DRTM, the 
autonomous artificial intelligence (AI) system developed by 
Abramoff and colleagues for diabetes, no AI systems have 
been implemented into clinical practice in ophthalmology (at 
the time of this writing) [25]. There are several reasons for 
this that are beyond the scope of this chapter, but it is impor-
tant to compare and contrast how these systems are devel-
oped with how they would be used in the real world. In the 
case of diabetes, this is being implemented using an autono-
mous DR screening camera in primary care offices. In every 
other application, there is a persistent implementation gap 
that needs to be overcome. Part of the resistance to the incor-
poration of artificial intelligence in medicine has been the 
“black box” nature of the algorithms—it is not clear how 
they work in all cases. Thus, there have been movements 
toward “explainability” methods to try to illuminate the low- 
level features that are utilized in the networks (as in Fig. 18.5), 
as well as develop networks a priori that are interpretable 
[25]. In ROP, we foresee increasing use of telemedicine net-
works with digital fundus photography and with appropriate 
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Fig. 18.4 Mean severity score by zone and stage. This figure repre-
sents the mean vascular severity score (vertical axis) by zone and stage 
in 5511 examinations from the Imaging and Informatics in the ROP 
study. Eyes with more posterior disease (zone 1) and higher stage have 
higher vascular severity scores

Fig. 18.5 Representative image of a heatmap. There have been multi-
ple attempts to explain the inner workings of a convolutional neural 
network, which operates as a black box. Heatmaps work by identifying 
patches that seem to contribute more (red) to the overall diagnostic clas-
sification than other patches (Credit to James M. Brown, PhD)
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validation, the use of a vascular severity score to monitor 
clinical disease progression in the future [26]. The challenge 
will be for physicians to learn to incorporate this technology 
into clinical practice in a way that is safe, effective, and 
improves our ability to take care of patients.
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Abstract

Web-based educational resources are available for provid-
ers managing patients with retinopathy of prematurity 
(ROP). These tools include web-based tutorials and train-
ing modules, integrated software tools, online toolkits 
with standardized patient education, consents, and refer-
ence materials.

Keywords

Retinopathy of prematurity · Web-based education  
Online resources · Retinopathy of prematurity toolkit  
ROP tutorial

In both developed and developing countries, there is a short-
age of specialists who are able to provide adequate care for 
infants with retinopathy of prematurity (ROP). This is due to 
a multitude of factors, including a lack of adequate training 
in residency and fellowship programs [1]. In ophthalmology 
residency programs, as well as in pediatric ophthalmology 
and retina fellowship training, there is variability in the num-
ber of ROP exams performed with direct supervision by an 
attending, no standardization in the number of cases required 
to attain competency, and limited use of formal evaluation to 
assess fellow competency in ROP management [2–6].

Web-based, self-directed educational tools are becoming 
increasingly prevalent in residency, fellowship, and for use in 
continuing medical education. These tools are important 

resources for increasing the knowledge and skills of providers 
who provide ROP care in all contexts, as well as standardizing 
screening, consent, and follow-up protocols. It is important 
that the proper resources provided by the appropriate stake-
holders are utilized. This chapter will provide a review of ROP 
web-based training modules and resources provided by the 
American Academy of Ophthalmology (AAO), Ophthalmic 
Mutual Insurance Company (OMIC), and others.

Telemedicine for ROP is frequently described in the con-
text of using images acquired at one location to make a diag-
nosis by a provider at a different location. The definition of 
telemedicine in this setting is the use of information technol-
ogy to support healthcare between entities geographically 
separated from each other [7]. With this definition, it can also 
encompass tele-education programs which can be used for 
local resource-building, increasing the number of trained cli-
nicians in middle-income and low-income countries. This 
tele-mentoring approach has also been demonstrated in other 
surgical subspecialties including urology and gynecology 
and can be applied to ROP treatment and surgical approaches 
to increase treatment capacity, particularly in low- and 
middle- income countries [8–10]. Tele-education systems 
can enable access to high-quality ROP education and allevi-
ate the strain on local ROP experts who may be otherwise 
unavailable to devote time to education.

The Global Education Network for ROP (GEN-ROP) and 
the Imaging and Informatics for ROP (i-ROP) groups devel-
oped a web-based platform that allows users around the 
world to access an ROP training module, and given the 
increasing access to Internet in low- and middle-income 
countries, web-based learning is now more highly accessible 
[11]. The program consists of pretest, posttest, and case- 
based training chapters in which trainees work through cases 
consisting of retinal images from infants with varying 
degrees of ROP.  Trainees are also provided with feedback 
during the training in order to reinforce their learning [11].

The GEN-ROP/i-ROP training module has previously 
shown to improve ophthalmology trainees’ ability to diagnose 
ROP in the United States, Mexico, the Philippines, and Brazil 
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[10, 12, 13]. Resident and fellow trainees demonstrated 
improvement in the sensitivity for diagnosis of plus disease, 
ROP zone/stage/category as well as the presence of aggressive 
posterior-ROP. A comparison of the two groups found no sig-
nificant differences between trainees in higher income countries 
compared to lower income countries in the sensitivity or speci-
ficity of diagnosing clinically significant disease. A post-mod-
ule assessment showed that both groups felt their understanding 
of ROP improved after participating in the web-based training. 
Participants in the tele-education program also demonstrated 
improvement in intra-grader reliability when provided with the 
same case, improving from fair/moderate agreement to substan-
tial agreement for all subtypes of ROP. This is notable consider-
ing that the literature reports poor intra- and inter-grader 
reliability amongst experts diagnosing ROP [13, 14].

The WISE-ROP (Widefield Imaging for Screening and 
Education for ROP) is another example of an online training 
module that was used in the KID-ROP (Karnataka Internet 
Assisted Diagnosis of Retinopathy of Prematurity) program. 
KID-ROP is one of the largest telemedicine networks for 
screening ROP in India. The 90-day training module used in 
this program is now available as an online training module, 
which consists of image grading, self-assessment, and sched-
uled video sessions with an assigned mentor for individual-
ized feedback and assessment. This program grades 
participants prior to awarding them with certification [15].

Online resources are a valuable tool for the standardiza-
tion of ROP care around the world. The Ophthalmic Mutual 
Insurance Company provides a comprehensive set of 
resources entitled the OMIC ROP Safety Net Toolkit, which 
was first developed in 2006 and recently revised in 2018 and 
reviewed by ophthalmologists. These toolkits include proce-
dures for screening, discharge, and coordination of care for 
ophthalmologists who are involved in the screening and 
treatment of ROP. The toolkit outlines specific protocols for 
the following procedures in order to ensure standardization 
of care and optimize outcomes. These procedures include 
tracking of hospitalized infants, the ROP examination in the 
hospital-based setting, transfer to a treating hospital, dis-
charge, and transfer for non-ROP care. OMIC also provides 
a comprehensive risk analysis of ROP-related claims with 
root cause analysis to address preventable breakdowns in the 
process of care. Additionally, there are three in-depth case 
analyses of claims in which there was failure to coordinate 
follow-up care, delayed referral for progressive ROP, and a 
case that outlines the challenges of navigating the legal sys-
tem in ROP cases. The hospital and office toolkits provide 
standardized consent forms, educational tools, and letters to 
parents about ROP in English and Spanish. Finally, OMIC 
provides an overview of anti-vascular endothelial growth 
factor (VEGF) treatment in ROP with a comprehensive 
review of safety and liability risks [16].

Software tools that integrate documentation and telemedi-
cine systems represent platforms that can be utilized in the 
hospital and clinic settings. FocusROP is one such HIPAA 
and FDA compliant image handling and storage platform 
which was developed in collaboration with pediatric vitreo-
retinal specialists. It includes tools for user-driven image 
analysis such as identification of zone I, the optic nerve, 
macula, and vessel tracing tools. This system can be inte-
grated into telemedicine systems which allow for electronic 
expert opinions when needed. It also includes manuscripts 
for patient and family education. The software provides 
reminders for exam scheduling based on current evidence- 
based guidelines for screening.

The AAO also provides specific resources for ROP. In col-
laboration with GEN-ROP and i-ROP, the AAO offers case- 
based training for ROP which consists of 20 virtual patients 
for participants to evaluate and determine zone, stage, and 
category of ROP and whether or not the patient needs treat-
ment (Fig. 19.1) [17]. The vitreoretinal section of the Knights 
Templar Eye Foundation Pediatric Ophthalmology and 
Strabismus Resource Center is an AAO resource which pro-
vides regularly updated articles and videos regarding current 
treatment and screening options for ROP.  This resource 
includes specific articles and discussions on the topics of 
anti-VEGF and laser treatment, telemedicine, and manage-
ment of retinal detachments [18].

Providers working in low-resource settings can utilize 
resources provided by Every Preemie—SCALE (Scaling, 
Catalyzing, Advocating, Learning, and Evidence-Driven), 
which is a 5-year USAID cooperative agreement which is 
designed to provide scalable approaches to preterm birth and 
low birthweight interventions. The Do No Harm technical 
briefs highlight the safe and effective use of specific inpa-
tient newborn care interventions and include topics such as 
oxygen use, infection prevention, thermal protection, and 
ROP prevention and screening. The ROP technical brief 
highlights the importance of ROP screening, risk factors, 
current World Health Organization recommendations, and a 
summary of evidence-based practices for primary, second-
ary, and tertiary prevention of ROP-related blindness. 
Importantly, the technical briefs address actions that can be 
taken by policymakers, program planners, facility managers, 
as well as clinicians and nurses to advocate for an agenda 
that prioritizes ROP. These resources are available in English, 
Spanish, and French. Current ROP screening programs sup-
ported by USAID include those in India, Mongolia, and 
Nepal [19].

While there is yet to be a standardization of certification 
for healthcare professionals providing ROP care, a multi-
tude of online resources have been developed to build 
knowledge, standardize treatment and screening protocols, 
decrease preventable blindness, and mitigate risk. These 
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Fig. 19.1 Example of online case-based retinopathy of prematurity 
(ROP) tutorials available through the American Academy of 
Ophthalmology. These cases include standardized views and back-

ground information including birth weight, gestational age, and post-
menstrual age. The second image shows the individualized feedback 
with visual explanations of the correct stage

19 E-Education in ROP



150

web-based resources represent an important starting point 
for training residents, fellows, and providers of ROP care 
and are complementary to mentorship, hands-on training, 
and participation in educational activities such as 
conferences.
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Ultra-widefield Imaging in Pediatric 
Retinal Diseases

Igor Kozak, Syed M. Ali, and Maram E. A. Abdalla-Elsayed

Abstract

High-resolution imaging is an indispensable part of pedi-
atric retina practice. It provides necessary diagnostic 
information and monitoring of disease or follow-up of 
treatment. Imaging of the peripheral retina has revolution-
ized the science of retinal diseases and the care of pediat-
ric patients. Reliable (ultra)wide-angle cameras and 
systems are available for health care professionals as the 
popularity of this type of imaging has been growing in 
spite of some challenges. Alternative approaches and 
techniques have appeared to facilitate imaging in order to 
overcome the barriers. Ultra-widefield imaging technol-
ogy will be sine qua non for the routine pediatric retina 
practice.
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20.1  Introduction

Careful clinical examination of patient’s ocular fundus and, 
especially, peripheral retina with scleral indentation is cru-
cial for clinical decision making. However, there is a need 
for an objective and reproducible documentation of encoun-
tered findings. The peripheral retina is the site of pathology 
in many ocular diseases. In uncooperative children, a detailed 
examination of the retinal periphery may pose a unique chal-
lenge. Technological advances in diagnostic imaging tech-

niques have played an important role in improved assessment 
of the retina and its periphery. Ultra-widefield (UWF) imag-
ing is one of the new technologies available to pediatric and 
adult retinal specialists. Current UWF imaging modalities 
can provide documentation and evaluation, including options 
for color images, red-free and fluorescein angiography, and 
fundus autofluorescence [1, 2]. Data from these modern 
imaging devices has led to more understanding of the role of 
the peripheral pathology in both adult and pediatric retinal 
diseases.

20.2  Imaging Technology

Few commercially available systems have been used in clini-
cal practice. The Retcam (Natus Medical Inc., Pleasanton, 
CA, USA) is a portable wide-angle camera system available 
since 1997. It is a contact-based, coaxial illumination sys-
tem, which obtains 130° field of view [3]. The system is par-
ticularly well-suited for imaging pediatric patients because it 
is portable and can be placed directly on patients unable to 
position themselves, such as neonates and infants (Fig. 20.1a, 
b). Specifically, this device has been well studied in patients 
with retinopathy of prematurity. A major limitation in this 
technology, however, was its inability to image through lens 
opacities [3].

The Optos camera (Optos, Dunfermline, UK) is a UWF 
imaging system which produces a 200° view of the retina 
(about 82% of the surface area). The Optos technology uti-
lizes a combined scanning laser ophthalmoscope with an 
ellipsoidal mirror to obtain images of the retinal periphery 
with one capture without the need for bright illumination 
lighting or a contact lens, and in some patients, pupillary 
dilation (Figs. 20.2a, b and 20.3). The system provides the 
ability to capture red and green reflectance imaging, as well 
as fundus autofluorescence and fluorescein angiography 
(Fig. 20.4a, b) [4].

The 3nethra/Neo system (Forus Health Ltd, Bangalore, 
India) is a portable hand-held unit for imaging of retina with 
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120° field of view. It is capable of capturing both still and 
video images and commonly used in pediatric retina 
(Figs. 20.5 and 20.6).

Wide-field imaging of the retina and vitreous using bio-
microscopic system utilizing 3 CCD video camera and a per-
sonal computer was described in 2000 [5]. The advantage of 
the system is its ease of use, practicality, and ability to cap-
ture dynamic images. It is suitable for older and younger 
cooperative children (Figs. 20.7 and 20.8).

20.3  Challenges and New Techniques

20.3.1  Patient Cooperation

Obtaining discernible and reproducible images in pediatric 
patients can be challenging as times. Uncooperative children 
require a great amount of patience on part of physician and 
parents. A good relation and rapport are crucial in gaining a 
chance to perform retinal imaging. In children too small to 

a b

Fig. 20.1 (a) Birth trauma. Retcam image of left eye of newborn baby following spontaneous delivery demonstrates peripapillary and optic disc 
hemorrhage. (b) Birth trauma. Retcam image of the same eye demonstrates intraretinal hemorrhages superior to the arcade (white arrow)

a b

Fig. 20.2 (a) Peripheral retinal hole. Optos color fundus image of the 
left eye of a 9-year-old myopic girl demonstrates inferotemporal lattice 
degeneration with atrophic hole inside lattice lesion (white arrow). (b) 

Peripheral retinal hole. Optos color fundus blow-up image of the same 
eye demonstrates a small atrophic hole inside the lattice lesion (white 
arrow)
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be seated for camera chin rest a technique of flying baby 
imaging has been successful in selected cases (Fig. 20.9a, b).

20.3.1.1  Artifacts
Another challenge in pediatric imaging even in cooperative 
children or adult patients is the presence of imaging artifacts. 
A major cause of artifact with any fundus imaging arises 
from the reflection of light from interfaces in the ocular 
media. Elimination of these reflections is achieved using 
confocal scanning laser ophthalmoscopy (cSLO), which 
 separates the illuminating and imaging beam within the eye 
[6]. Even after the elimination of central reflections, some 

peripheral artifacts may appear. The presence of eyelashes at 
the margin of the captured image has been a frequent artifact 
with Optos system.

20.3.1.2  Mercator Projection
An inevitable discrepancy in ultra-widefield imaging is to 
map a three-dimensional image onto a two-dimensional 
map, so-called Mercator projection known from cartography 
[7]. Peripheral retina is non-linear with image distortions. 
Hence, the dimensions are changed which may not necessar-
ily reflect the true distances of the structures.

20.3.2  Oral FFA

Another challenge in the pediatric population is associated 
with invasive procedures such as injecting contrast dyes in 
fundus fluorescein angiography (FFA). The inability to find 
and safely enter small or fragile veins in children or fear of 
needles can prevent from performing this important diagnos-
tic study. Ultra-widefield fundus fluorescein angiography 
(FFA), in particular, has contributed significantly to the 
detection of peripheral fundus disease in pediatric retinal 
conditions [8]. An alternative to intravenous injection of flu-
orescein is oral fluorescein angiography. Oral FFA has been 
successfully used with standard and wide-field camera sys-
tems [9]. The technique of oral ultra-widefield fluorescein 
angiography in children using noncontact high-resolution 
Optos 200Tx imaging system (Dunfermline, UK) has been 
described by Ali et al. [10]. The peripheral retinal anatomy, 
vascular network, and necessary clinical information can be 
obtained by this technique (Figs. 20.10a, b and 20.11).

Fig. 20.3 Intraocular retinoblastoma following intraarterial chemo-
therapy. Optos color fundus image of the eye of a 2-year-old girl dem-
onstrates retinoblastoma tumor after intraarterial chemotherapy (white 
arrow)

a b

Fig. 20.4 (a) Bull’s eye maculopathy. Optos fundus autofluorescence 
image of the right eye of a 9-year-old patient with decreased central 
vision (20/80) demonstrates hypoautofluorescence ring of bull’s eye 
maculopathy (white arrow). (b) Bull’s eye maculopathy. Optos fundus 

autofluorescence image of the left eye of the same patient with 
decreased central vision (20/70) demonstrates hypoautofluorescence 
ring of bull’s eye maculopathy (white arrow)

20 Ultra-widefield Imaging in Pediatric Retinal Diseases



154

Fig. 20.5 Retinopathy of prematurity—stage 3. 3nethra/Neo system 
color fundus image of the left eye of a 4-week-old baby demonstrates 
stage 3, zone 2 retinopathy of prematurity (white arrow) with peripheral 
retinal image under scleral indentation superiorly

Fig. 20.6 Retinopathy of prematurity—stage 3. 3nethra/Neo system 
color fundus image of the left eye of a 6-week-old baby demonstrates 
stage 3, zone 2 retinopathy of prematurity with tortuous blood vessels 
anterior to the ridge (white arrow)

Fig. 20.7 Granuloma of toxocariasis. Wide-angle biomicroscopic 
color fundus image of the right eye of a 15-year-old patient demon-
strates peripheral granuloma (white arrow) due to intraocular toxocaria-
sis with connecting stalk reaching up to the optic disc. Reflex artifact is 
present above the lesion (image by Prof. ByungRo Lee, Seoul, Korea)

Fig. 20.8 Retinal vasculitis of Eales disease. Wide-angle biomicro-
scopic color fundus image of the right eye of an 18-year-old patient 
demonstrates retinal vasculitis (white arrow) with both pre- and intra-
retinal hemorrhages. Image captures both the central and far peripheral 
retinal areas. Reflex artifacts are present along the superior arcade 
(image by Prof. ByungRo Lee, Seoul, Korea)

I. Kozak et al.



155

a b

Fig. 20.9 (a) Flying baby photography technique. Demonstration of 
positioning infants for fundus photography. (b) Shaken baby syndrome. 
Color fundus photography acquired by flying baby technique on a 
3-month-old baby brought in with reduced consciousness and fracture 

ribs. It shows subhyaloid (white arrow) and intraretinal (white arrow-
head) hemorrhages at different stages of resolution confirming diagno-
sis of shaken baby syndrome

a b

Fig. 20.10 (a) Familial exudative vitreoretinopathy. Optos color fun-
dus image of right eye of a 7-year-old patient with mild peripheral reti-
nal elevation, vascular tortuosity and retinal dragging (white arrow). (b) 

Familial exudative vitreoretinopathy. Optos fundus fluorescein image 
of the same eye following ingestion of oral fluorescein demonstrates 
dye leakage from peripheral retinal vessels

Fig. 20.11 Coat’s disease. Optos fundus fluorescein image of the left 
eye of an 11-year-old boy with Coat’s disease following ingestion of 
oral fluorescein. It shows dye leakage from temporal peripheral telangi-
ectatic retinal vessels
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Retinoblastoma

Sameh E. Soliman, Brenda Gallie, and Wai-Ching Lam

Abstract

Retinoblastoma management is a success story of a 
genetic cancer. Nowadays, advances in diagnostic and 
therapeutic approaches have provided approximately 
99% survival in developed countries. Later diagnosis low-
ers survival in developing countries. In this chapter, we 
present the concepts of pathogenesis, diagnosis, treat-
ment, and long-term surveillance for retinoblastoma 
patients and their families.
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Retinoblastoma is the most common pediatric intraocular 
malignancy that arises from the developing retinal cells. It 
can affect one or both eyes with around 8000 new cases 
annually worldwide. The survival is high when it is timely 

diagnosed and managed through a multidisciplinary team of 
ophthalmologists, oncologists, geneticists, radiologists, 
pediatricians, anesthesiologists, and social workers [1].

21.1  Epidemiology

Retinoblastoma affects 1  in 18,000 live births. The live-
birth rate is the main factor-affecting incidence where India 
followed by China has the largest number of annual cases. 
Multiple factors such as parental age and occupation, 
method of conception, and exposure to mutagens as X-rays, 
viral agents, or sunlight exposure were studied but never 
proven [2].

Retinoblastoma affects children under 5 years of age with 
a mean age of 12 and 24 months for bilateral versus unilat-
eral disease respectively. The mean age is higher in develop-
ing than developed countries [3] due to later diagnosis with 
more advanced disease. Retinoblastoma affects males and 
females equally [4].

21.2  Genetics

Retinoblastoma develops secondary to loss of both copies of 
RB1 gene (13q14). The RB1 gene is a tumor suppressor gene 
encoding for a protein that regulates normal cell cycle and 
prevents uncontrolled proliferation. A pathogenic allele 
affecting the RB1 gene causes absent/dysfunctional (null 
pathogenic alleles) or a poorly functional RB1 protein (low- 
penetrance pathogenic alleles) [5].

There are two distinct genetic forms of retinoblastoma 
according to the timing of the first RB1 gene pathogenic 
allele (M1) [4]. Heritable (germline) form when prezygotic/
zygotic or early post-zygotic pathogenic allele leads to a 
mutated copy of RB1 gene involving the whole body cells or 
a subset of cells (mosaicism). Retinoblastoma develops after 
the second pathogenic allele (M2) occurs (two-hit hypothe-
sis) [6]. Individuals with heritable retinoblastoma usually 
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develop multiple (multifocal) retinoblastoma tumors usually 
affecting both eyes (bilateral) and diagnosed earlier. Their 
other body cells have the same pathogenic allele and are 
prone to second primary neoplasms with a 50% chance of 
transmission of the pathogenic allele to each offspring [7]. 
Patients with the RB1 can be associated with a midline intra-
cranial tumor most probably pinealoblastoma in 3–5% of 
cases [8]. Heritable cases have a higher risk of developing 
second primary malignancies later in life. Moreover, avoid-
ance of irradiation whether therapeutic (external beam irra-
diation) or unnecessary diagnostic procedures (computed 
tomography and X-rays) is recommended [9].

In contrast, non-heritable (non-germline) RB1 pathogenic 
alleles that occur later in a single retinal cell are associated 
with a single (unifocal) unilateral retinoblastoma tumor that 
is diagnosed later with no risk of second primary neoplasms, 
pinealoblastoma, or vertical transmission [2, 5, 7, 10]. A rare 
form of non-heritable retinoblastoma (2%) develops due to 
the amplification of N-MYC oncogene rather than RB1 
pathogenic alleles (normal RB1 gene) characterized by early 
unilateral aggressive presentation within the first few months 
after birth [11].

In 94% of germline retinoblastoma, the RB1 allele arises 
de novo, with no family history; 6% inherit the pathogenic 
allele from an affected parent (familial). The first affected 
child in the family is called the proband and the exact patho-
genic allele can be detected with full molecular diagnostic 

techniques. In rare instances, an unaffected parent may carry 
the pathogenic allele and pass it to his offspring and can be 
detected by molecular analysis of the parent’s serum for the 
proband’s pathologic allele or simply predicted if more than 
one sibling have retinoblastoma (Fig. 21.1) [5].

Retinoblastoma is the first cancer to include heritability in 
its initial staging (tumor, node, metastasis and heritability 
staging, American Joint Committee of Cancer 8th edition). 
H1 designates heritable retinoblastoma and assigned if bilat-
eral/trilateral retinoblastoma, positive family history in a 
first-degree relative or positive molecular diagnosis. H0 des-
ignates non-heritable retinoblastoma and assigned in unilat-
eral cases with negative genetic testing. If genetic testing is 
unavailable, unilateral cases are assigned Hx [12].

Rigorous postnatal screening of retinoblastoma survivors’ 
offspring, each of which has a 60% chance of having tumors 
in at least one eye, helps to diagnose the tumors earlier with 
less treatment burden and better visual and ocular outcomes 
[13]. Prenatal screening includes molecular diagnosis of the 
fetal amniocytes obtained via amniocentesis during the sec-
ond trimester of pregnancy to determine if the fetus carries 
the proband’s pathogenic allele. If positive, the option of late 
preterm/early term delivery reduces the incidence of tumors 
at birth to 20% [14]. Nowadays, detection and even the man-
agement of invisible tumors is reviving the concept of 
 secondary prevention in retinoblastoma [15]. Proper genetic 
counseling is essential in the management of every patient to 

Fig. 21.1 Showing a family pedigree of a non-consanguineous couple. 
No known family history of retinoblastoma. The family presented 
because of left leukocorea in the left eye of their elder son (Red box—
age: 2 years). On examination, the left eye harbored a large tumor with 
total retinal detachment without vitreous seeds and was staged as (IIRC 
group D eye/cT2a). The right eye had one small tumor that lied within 
1.5 mm from the optic disc and was staged as (IIRC group B eye/cT1b). 

Due to bilateral disease, the child was designated as H1. No genetic 
testing was available, so the sibling (green box—2 months old) was 
examined at the same session and revealed bilateral multifocal retino-
blastoma (both eyes classified as IIRC group B/cT1b H1). The parents 
declined to be examined but one of them has to be a carrier of the RB1 
pathogenic allele
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communicate the knowledge for the importance of screening 
and life-long surveillance for second cancers [16].

21.3  Natural History of Retinoblastoma 
(Fig. 21.2)

Retinoblastoma arises from a developing retinal cell within 
the inner nuclear layer. At first, a small round tumor is clini-
cally invisible and detected only by optical coherence tomog-
raphy (OCT) in screened eyes of patients with positive 
family history [17, 18]. Uniform growth elevates the devel-
oping tumor above the retinal surface to become clinically 
visible as a rounded white single mass. A visible separate 
blood supply can be observed with increase in size and tortu-
osity with the enlarging tumor. Different growth rates of the 
tumor cell clones make the tumor lose its rounded appear-
ance into a mass with lobules or nipples. When the tumor 
overgrows its blood supply, areas of necrosis with dystrophic 
calcification appear that are highly diagnostic on clinical or 
sonographic examination [19].

The tumor breaks through the inner limiting membrane 
and the serous effusion from the actively growing tumor 
causes the retina to detach [19]. Tumor cells lose cohesive-
ness and tumor seeds separate from the main mass into the 
vitreous cavity or the subretinal space. Seeds can be in the 
form of fine dust, spheres, or clouds [20]. They can be local-
ized within 3 mm from the main tumor or diffuse (>3 mm). 
Large greasy seeds or subretinal tumor plaques are danger-
ous and difficult to be treated [21]. Landed seeds on the reti-

nal surface or the pars plana of the ciliary body can grow into 
new tumors especially at the inferior periphery.

The enlarging tumor involves most of the posterior seg-
ment and may involve the ciliary body and back of the iris. It 
might push the iris lens diaphragm forward causing pupillary 
block or angle-closure glaucoma. Furthermore, iris and ante-
rior chamber angle neovascularization can cause neovascular 
glaucoma [22]. Glaucoma may present as buphthalmos at 
such young age. Tumor involvement of the anterior chamber 
can appear in the form of tumor seeds or can produce an 
irregular pseudohypopyon in advanced cases [20]. The tumor 
may bleed causing either vitreous hemorrhage or hyphema. 
If massive necrosis in the tumor occurs secondary to vascular 
occlusion and tumor autoinfarction, the release of inflamma-
tory mediators can produce an aseptic inflammatory response 
involving the whole orbit (aseptic orbital cellulitis) or can 
cause ciliary body shut down with atrophic or phthisic ocular 
changes [22].

Tumor can spread outside the eye posteriorly through the 
optic nerve (ON) into the central nervous system and involves 
the cerebrospinal fluid (CSF) or through the choroid and 
sclera into the orbital cavity. Anteriorly the tumor can spread 
through the anterior chamber angle and trabecular meshwork 
into the episclera and the conjunctiva and might involve the 
draining preauricular and cervical lymph nodes [23]. 
Hematogenous spread mainly to the bone marrow and liver 
occurs secondary to massive uveal (choroid, ciliary body, or 
iris) invasion.

After enucleation of an eye for advanced retinoblastoma, 
meticulous histopathologic assessment can point to high-risk 
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Fig. 21.2 Natural history of intraocular retinoblastoma at different 
stages of growth. Yellow Box: (a) small rounded white retinoblastoma 
staged as group A (<3 mm in size and >1.5 mm away from optic nerve 
and >3 mm from foveal center) by the international intraocular retino-
blastoma classification (IIRC, note the retinal vessels passing on top). 
OCT scan showing a homogenous elevated dome-shaped intra-retinal 
lesion. Red Box: (b) multifocal small retinoblastomas (IIRC group A). 
(c) Large lobulated retinoblastoma staged as IIRC group B (>3 mm in 
size or <1.5 mm away from optic nerve and <3 mm from foveal center, 
no retinal detachment or vitreous seeding). (d, e) Large retinoblastoma 

with subtle surrounding retinal detachment and localized fine tumor 
seeding (arrows) staged as IIRC group C. Green Box: (f) diffuse tumor 
>1 quadrant retinal detachment and greasy distant tumor seeds (arrows) 
staged as IIRC group D. B-scan ultrasonography shows the mass with 
classic calcifications (*). Blue Box: (g) A diffuse tumor occupying most 
of the posterior segment of the eye with elevated intraocular pressure 
and rubeosis irides staged as IIRC group E. Ultrasound biomicroscopy 
identifies the anterior extent of the tumor and magnetic resonance imag-
ing assesses the optic nerve and scleral intactness to exclude extraocular 
spread
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features suggestive of risk of extraocular or metastatic spread 
(Fig.  21.3) namely ON involvement beyond the lamina 
cribrosa (retrolaminar ON invasion) especially if extending 
up to the cut end of the ON.  Massive choroidal invasion 
>3 mm in any dimension or total involvement of the choroi-
dal thickness is the risk of hematogenous spread. Scleral 
invasion (partial or complete) and definitive extraocular dis-
ease are at higher risk metastasis. Anterior segment involve-
ment is debatable as a high-risk feature [24].

21.4  Clinical Presentation

Leukocorea (white pupil) is the most common presentation 
in both forms of retinoblastoma. Parents usually notice the 
white glow caused by light reflection from the white tumor 
occupying the posterior pole. Parents often describe it simi-
lar to a cat’s eye. Retinoblastoma can also be first recognized 
in non-modified photographs (photoleukocorea) [1]. 
Strabismus can occur earlier if the tumor involves the fovea. 
Glaucoma and/or buphthalmos occur in advanced cases with 
large tumors elevating the intraocular pressure through the 
forward push of the lens-iris diaphragm or iris and anterior 
chamber neovascularization. Proptosis is considered a later 
presentation secondary to extraocular spread. Rare presenta-
tions include hypopyon, hyphema, vitreous hemorrhage, 
phthisis bulbi, or aseptic orbital cellulitis [22].

21.5  Investigations

B-scan ultrasonography identifies the mass and its measure-
ments and highlights tumor relation to the nerve and detects 
associated retinal detachment. The presence of echogenic 
calcifications is suggestive but not pathognomonic [25]. 
Ultrasound biomicroscopy (UBM) shows the anterior extent 
of the tumor in relation to the ciliary body and the crystalline 
lens [26]. Optical coherence tomography (OCT) can high-

light small and clinically invisible tumors and show tumor 
relation to the fovea [15, 17]. Fluorescein angiography has a 
minimal role in diagnosing retinoblastoma. Magnetic reso-
nance angiography (MRI) is essential to determine the risk 
of optic nerve or extrascleral invasion and exclude pinealo-
blastoma or suprasellar masses. Computed tomography is 
best avoided because of its high radiation dose.

21.6  Differential Diagnosis

Unilateral advanced retinoblastoma may be confused with 
Coats’ disease [25] (telangiectatic vessels, yellowish-red 
reflex and absence of perpendicular vascular dipping into an 
underlying mass), persistent fetal vasculature (prominent 
ciliary processes and vascular stalk on ultrasonography), and 
ocular toxocariasis (pets, inflammatory signs, and serology). 
Small tumors may be mistaken for astrocytomas (moth-eaten 
appearance on OCT, other manifestations of tuberous 
sclerosis).

21.7  Intraocular Classification (Staging)

Eyes harboring retinoblastoma are classified according to the 
tumor size, tumor location within the eye, presence and char-
acters (size, location, and shape) of tumor seeds, presence 
and extent of serous retinal detachment and any associated 
signs of elevated intraocular pressure, neovascularization 
(iris or anterior chamber angle), or hemorrhage [1]. Multiple 
classifications have been used over years, mainly related to 
the available treatment modalities. Reese–Ellsworth 
 classification [6] was developed to predict the outcome of 
external beam irradiation (EBRT). This was replaced by the 
international intraocular retinoblastoma classification (IIRC) 
[19] when systemic chemotherapy prevailed. Three versions 
of IIRC were described that have significant differences in 
classifying advanced eyes [1]. The American joint classifica-

Retrolaminar optic
nerve involvement 

Massive Choroidal
invasion (>3 mm)

Scleral/Extraocular
invasion

Fig. 21.3 High-risk histopathologic features assessed after enucleation
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tion of cancer (AJCC, 8th ed.) is the current consensus clas-
sification [12]. It depends on the tumor, lymph nodes, and 
metastatic involvement assessment (TNM). Furthermore, 
heritability (H) was added to highlight its importance in 
decision-making in retinoblastoma management and lifelong 
surveillance.

21.8  Management

Goals: Saving the child’s life is the main goal of manage-
ment plans to prevent local or metastatic tumor spread. 
Saving any visual potential follows. Saving a blind eye for 
cosmetic purposes is controversial.

21.9  General Principles

• Treatment is carried by a multidisciplinary team lead by 
the ophthalmologist.

• Rationale, expectations, and available modalities of ther-
apy are discussed with parents/guardians (informed 
consent).

• The importance of compliance with the treatment plan is 
emphasized.

• Lifelong follow-up includes ocular and systemic 
surveillance.

• Genetic counseling is key including genetic testing if 
available [4, 16].

• Recurrence or poor response to therapy can happen even 
after an initial favorable response.

• Unilateral retinoblastoma has special considerations dur-
ing management planning, as the other eye is normal 
[27–29] (Figs. 21.4 and 21.5).

21.10  Treatment Modalities

• Enucleation:
Primary enucleation with an 8–12  mm optic nerve 

stump is recommended in cT3/E eyes regardless of lateral-
ity to reduce the chance of tumor spread [12]. Primary 
enucleation allows accurate histopathologic assessment for 
high-risk features without being masked by chemotherapy 
[30]. Some centers recommend primary enucleation for 
unilateral cT2/D eyes unless they have predictive clinical 
signs of low-risk histopathology namely visible optic disc, 
foveal sparing, and <1 quadrant of retinal detachment [31]. 
Enucleation with primary implant using the myoconjuncti-
val technique (vertical and horizontal recti sutured to their 
respective conjunctival fornices) improves cosmesis and 
motility and reduces the implant extrusion rate [32, 33]. 
Secondary enucleation is recommended for refractory reti-
noblastoma (progressive, recurrent, or nonresponsive) after 
failure of primary trial salvage [10].

• Chemoreduction:
The goal of chemotherapy is to reduce the size of the 

tumor into a size appropriate for the application of focal 

Unilateral Retinoblastoma

intraocular extraocular
?

Focal therapy

Laser
Cryotherapy

Chemoreduction (Systemic or IAC)
THEN

Focal therapy (laser, cryo, radiation
plaque or intra - vitreal chemo)

Enucleation

High dose systemic
chemo + BMT

Enucleation
Orbital irradiation

Fig. 21.4 Schematic representation of the management of unilateral retinoblastoma. Group D is debatable
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consolidation therapies. The chemotherapy is given in the 
form of multiple cycles 3–4 weeks apart [34]. Two routes 
of delivery for chemotherapy are currently available, 
depending on laterality, staging, and informed discussion 
with parents regarding the pros and cons of each proce-
dure [35].

 – Systemic chemotherapy
Intravenous chemotherapy using multiple drugs (to 

reduce incidence of cancer cell resistance) is given on 
2 or 3 days for 4–6 cycles by a pediatric oncologist. 
Multiple regimens are reported but vincristine, etopo-
side, and carboplatin (VEC) are the most commonly 
utilized worldwide. Myelosuppression, susceptibility 
to infection, peripheral neurotoxicity (Vincristine), 
and gastrointestinal disturbances are the most signifi-
cant short-term side effects. Ototoxicity (Carboplatin, 
25%, more in children less than 6 months) [36] and 
Leukemia (1%, etoposide) are significant long-term 
adverse effects.

 – Intra-arterial chemotherapy
Direct delivery of chemotherapeutic drugs (melpha-

lan, topotecan, and/or carboplatin) via catheterization 
of the ophthalmic artery can be used for the treatment 
of one or both eyes. It involves an intracranial proce-
dure that requires high technical preparation and is per-
formed by an experienced interventional radiologist 
[37]. It has less systemic side effects than systemic che-
motherapy. Locally, there is risk of vascular occlusion 
(ophthalmic, central retinal artery, or sectorial choroi-
dal vessels), transient nerve palsies (ptosis, optic neuri-
tis, or third nerve palsy), localized forehead erythema, 
and temporary loss of eyebrow hair. As an intracranial 
procedure, there is a risk of cerebrovascular stroke 
which is extremely rare but very serious [28].

• Focal ophthalmic therapies:
Focal therapies are selected based on tumor location 

and size. Posterior tumors are better consolidated with 
Lasers, while cryotherapy is more appropriate for anterior 
non- calcified tumors. Brachytherapy is reserved for 
tumors that cannot be consolidated with laser or cryother-
apy and can be covered completely. Focal chemotherapy 
can be used to treat tumor seeds [38].
 – Laser therapy:

Tumors can be treated by photocoagulation or 
thermotherapy using transpupillary and rarely trans-
scleral approach. Indirect ophthalmoscopy or operating 
microscope- mount laser delivery systems can be used. 
OCT can be used to ensure complete laser treatment and 
to identify skipped areas [39]. Treated tumors appear 
swollen, hyper-reflective with shadowing, and interrupted 
retinal pigment epithelial line on ultrasound. Misplaced 
laser burns can destroy normal retina and laser treatment 
scars can show expansion, migration, or traction [38].

 – Cryotherapy:
Transconjunctival cryotherapy is used to treat ante-

riorly located tumors. Triple freeze–thaw cryotherapy 
cycles (a complete ice ball covers the tumor followed 
by complete thawing of the ice ball before the next 
freeze). Tumor cells die during thawing. Cryotherapy 
near calcified tumors can induce iatrogenic retinal 
tears; cryotherapy covering >2 retinal quadrants risks 
anterior segment ischemia [40].

 – Plaque radiotherapy:
A radiation physicist plans the radioactive plaque 

(Ruthenium, Iodine, Strontium, or palladium) based 
on the prescribed radiation dose, tumor location, and 
height. The plaque is sutured to the sclera overlying 
the tumor (corresponding muscle might be disinserted 

Unilateral Group D
Retinoblastoma

Enucleation
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• Safe (limit tumor spread)

• Rapid (Cancer free on day 1)
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Fig. 21.5 Schematic 
representation of the 
management of unilateral 
retinoblastoma (IIRC group 
D) showing the pros of each 
modality. The trial ocular 
salvage failure is highly 
related to the resistance of 
vitreous seeds and the 
chemotherapy adverse effects
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to ensure proper tumor coverage) and left for a planned 
number of days. A dose of 40 Gy is sufficient in retino-
blastoma. Common complications include radiation-
induced cataract in anteriorly treated tumors and 
radiation-induced optic neuropathy and maculopathy 
in posteriorly treated tumors [41].

• Focal chemotherapy
 – Intravitreal chemotherapy (IvitC):

Munier et  al. [42, 43] developed an anti-reflux 
injection technique to reduce the potential for extra-
ocular tumor spread. The injection site is 3.5  mm 
behind the limbus in an area free of tumor, retinal 
detachment, or massive seeding. Anterior chamber 
paracentesis (30G needle) of 0.1  ml aqueous humor 
precedes intravitreal injection (32/33G needle) of che-
motherapy. The injection tract is sterilized using three 
brief freeze–thaw cryotherapy applications.

Multiple chemotherapeutic agents can be injected 
including melphalan (most common, 20–30 μg/0.1 ml), 
topotecan or carboplatin. Multiple injections are required 
1–2 weeks apart. IvitC is usually effective against all 
types of vitreous seeds (dust, spheres, and clouds). No 
extraocular spread has been reported after this procedure 
[21]. Complications include infection, vitreous or pre-
retinal hemorrhage, and phthisis bulbi (associated with 
improper high dose) [44].

 – Periocular chemotherapy
Periocular injection of carboplatin was utilized in 

refractory cases with limited success regarding tumor 
control and significant local adverse effects including 
inflammation and extensive fibrosis [45]. Topotecan has 
milder local side effects with proven efficacy in local-
ized small subretinal, or preretinal seeds. Systemic 
absorption of the drug occurs reducing the eye dose and 
fibrin sealant was used to limit this possibility [46]. 
Presently, a local episcleral implant (FDA approved) is 
being studied for safety and effectiveness as sustained 
release chemotherapy over 6–9 weeks [47].

• Tumor Endoresection:
Report of planned pars-plana vitrectomy (PPV) under 

melphalan infusion with tumor endoresection for eyes 
with refractory tumor opens a new approach [48]. The 
risk of extraocular tumor spread is very low with a care-
fully planned approach and tight collaboration between 
experienced vitreoretinal surgeon and retinoblastoma 
expert and meticulous follow-up.

• External beam irradiation therapy (EBRT):
External beam radiotherapy is a last desperate option 

for eyes with refractory tumors. EBRT increases the risk 
of second primary malignancy especially if combined 
with alkylating chemotherapy in H1 patients [49]. Proton 
beam and stereotactic radiation may carry similar risks 

despite the intent of reducing radiation dose to normal tis-
sue [50]. Other local long-term EBRT complications 
include facial asymmetry, keratoconjunctivitis, and cata-
ract [51].

• Metastatic retinoblastoma:
Multimodal approach is required including high-dose 

systemic chemotherapy, enucleation, and orbital irradia-
tion followed by bone marrow transplantation. Mortality 
is >50% in these situations mainly due to central nervous 
system metastasis [52].
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Paediatric Intra-ocular Tumours 
(Non-RB)

Harshit Vaidya and Vikas Khetan

Abstract

Tumours of the eye are broadly classified as extra-
ocular and intra-ocular. Among intra-ocular tumours 
of the eye in the paediatric age group, a majority of the 
tumours comprise of retinoblastoma. In this chapter, 
we are focussed primarily on three intra-ocular 
tumours other than retinoblastoma. The reason it is 
essential to learn about these tumours is because these 
tumours can vary significantly in presentation, man-
agement as well as prognosis. Timely identification 
and management can significantly alter the prognosis 
of these patients.
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22.1  Retinal Astrocytoma (Astrocytic 
Hamartoma)

22.1.1  History

In 1880, Bournville described a group of hereditary disorders 
known as Tuberous sclerosis (TSC) or Morbus Bourneville–
Pringle disease characterised by disseminated hamartomas 
involving the central nervous system, skin and kidney. Van 
der Hoeve (1921) described the ocular involvement as a part 
of the same entity [1].

22.1.2  Etiopathogenesis

It is a rare benign tumour arising from the astrocytes of the 
sensory retina, typically forming early in life and diagnosed 
during childhood or adolescence. No racial or gender differ-
ences have been noted [2]. They can be acquired or congeni-
tal. Unilateral unifocal patterns are seen in the sporadic 
non-syndromic disorders, whereas bilateral multifocal dis-
ease is often associated with tuberous sclerosis [2]. It is the 
most common ophthalmic finding in tuberous sclerosis (50% 
are bilateral tumours) [3].

Histology—it comprises of a mass of intertwined spindle- 
shaped fibrous astrocytes containing small elongated oval 
nuclei having indistinct wavy cytoplasmic borders. 
Undifferentiated glioneurocytes during the embryonal devel-
opment of the retina and giant astrocytes (plump polygonal 
cells with eosinophilic cytoplasm) are seen in syndromic 
astrocytomas [2, 4].

22.1.3  Clinical Features

Unless the tumour involves the macula, these patients can 
often be asymptomatic. On examination, the acquired form 
can be associated with retinal traction, retinal and vitreous 
haemorrhage, cystoid macular oedema, feeder vessels and 
exudation in absence of calcification [5, 6]. Congenital 
form seen in younger patients can intrinsically develop cal-
cification and may be associated with TSC complex [7]. 
The tumour appears as a white superficial retinal mass 
(tumour basal dimension: 0.3–12  mm) which can range 
from translucent intra-retinal patches to opaque white nod-
ular lesions to partly calcified mulberry like tumours (Table 
22.1) [2, 4]. Figure  22.1 shows vascularization of the 
tumour arising from the retinal vessels, although these ves-
sels are neither dilated nor tortuous. Syndromic disease can 
often have multiple and peripheral tumours as opposed to 
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Fig. 22.1 (a) Colour fundus photograph of the left eye of a 3 year old 
male child with a retinal astrocytoma presenting as a whitish raised reti-
nal lesion with normal overlying vessels. (b) Red free image of the 
same patient. (c) Ultrasound (a) and (b) scan through the astrocytoma 

showing a high reflective structure with backshadowing due to calcifi-
cation. (d) Swept source Optical coherence tomography (DRI OCT-1 
Atlantis by Topcon, USA) through the lesion showing a elevated retinal 
lesion with areas of intralesional calcifications and backshadowing

Table 22.1 Morphological features of reinal astrocytoma

Morphological features of retinal astrocytoma
Type 1
(most common)

Circular or oval solitary lesion (0.5 mm disc diameter)
Relatively flat, light grey, semi-transparent glistening mass in NFL
No calcification

Type 2 Multiple calcific nodular areas, mulberry-like appearance
Type 3 Contains features of both type 1 and 2

Peripheral semitranslucent and irregular rim
Whitish-grey glistening central calcification

Incorporated from Mennel S, Meyer CH, Eggarter F, Peter S. Autofluorescence and angiographic findings of retinal astrocytic hamartomas in 
tuberous sclerosis. Ophthalmologica. 2005;219(6):350–6
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the non-syndromic disease [8]. Unilateral, isolated non-
syndromic tumour in an otherwise healthy patient is often 
considered an atypical variant of the tumour [2]. These 
tumours can cause severe vision loss due to large size, mac-
ular location and associated subretinal fluid [5, 6]. These 
tumours can often be misdiagnosed as  amelanotic choroi-
dal melanoma, which can lead to enucleation [2]. On rare 
occasions, a non-foveal tumour can result in a non-rheg-
matogenous retinal detachment involving the macula and 
causing a drop in vision [2].

22.1.4  Diagnosis

Fundus autofluorescence (AF), Fundus fluorescein angiog-
raphy (FFA) and Indocyanine green angiography (ICGA)— 
Angiographic findings tpyically show relatively slow filling 
of the undilated and normal calibre intralesional vasculature 
with limited late staining of the tumour. Prominent surface 
vascularity of the isolated retinal astrocytomas helps differ-
entiate these lesions from amelanotic choroidal melanomas 
with retinal invasion [2, 8]. ICG angiography allowed the 
diagnosis and localisation of type 1 tumours due to blockade 
of choroid especially in the late phases of angiogram [9]. 
FFA and ICGA are useful in detection of tumours, especially 
the morphological type 1, which can be missed on clinical 
examination. FFA helps in the differentiation between type 2 
and type 3 lesions [9] (Table 22.2).

B-scan Ultrasonography (USG)—Small noncalcified 
tumours appear as ill-defined lesions having reflectivity sim-
ilar to that of normal retina. The larger calcific tumours have 

focal strong intralesional reflections and orbital shadowing 
by the mass. USG is helpful in measuring the dimensions of 
peripheral tumours whereas OCT which is useful in paramac-
ular or peripapillary tumours [3, 8].

Optical Coherence Tomography (OCT)—The tumour 
was localised to the inner retina based on Time Domain 
OCT (TD-OCT), while Spectral Domain OCT (SD-OCT) 
localised it to the nerve fibre layer (Table 22.3). Moth eaten 
appearance was identified on TD-OCT, but the features 
were further explored on SD-OCT [3]. The moth- eaten opti-
cally empty spaces (OES) are hypothesised to represent 
intralesional calcifications in the calcific astrocytomas, 
whereas they represent intralesional cavitation in non- 
calcific tumours. The numbers of OES is believed to be sig-
nificantly more in macular tumours compared to 
extramacular tumours. The size of OES was larger in calci-
fied tumours and had a positive correlation with increasing 
tumour size and a drop in vision [4]. OCT has helped iden-
tify vitreous seeds, which are cells spreading from the 
tumour surface into the vitreous [8]. Caution must be exerted 
as vitreous seeding is associated with other amelanotic reti-
nal lesions. A striking feature noted recently was the pres-
ence of hyperreflective dots which are similar to those 
observed in occult choroidal neovascular membrane in eyes 
with AMD and proposed to represent fibrovascular activity 
[10] (Table 22.3).

OCT-angiography- features show a dense vascular net-
work within the tumour which could represent dilated 
anastomotic and dilated superficial and deep capillary 
plexuses. Feeder vessels have been documented in some 
reports [11].

Table 22.2 Autofluorescence and angiographic findings of retinal astrocytic hamartomas

Lesion type
1 2 3

AF No lesion-specific AF, blockade of physiologic 
background AF

Lesion-specific AF Central part: lesion-specific AF
Peripheral part: no lesion-specific AF, partial 
blockade of physiologic background AF

Early 
FA

Partial blockade Total blockade Central part: total blockade
Peripheral part: partial blockade

Late FA Hyperfluorescence, leakage Hyperfluorescence, 
leakage

Hyperfluorescence, leakage

Early 
ICG A

Subtly visible due to partial blockade Total blockade Central part: total blockade
Peripheral part: partial blockade

Late 
ICGA

Partial blockade with good visibility due to high 
contrast to surrounding background fluorescence

Total blockade Central part: total blockade
Peripheral part: partial blockade, high contrast to 
surrounding background fluorescence

Table reprinted with permission from Mennel S, Meyer CH, Eggarter F, Peter S. Autofluorescence and angiographic findings of retinal astrocytic 
hamartomas in tuberous sclerosis. Ophthalmologica. 2005;219(6):350–6
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Computed Tomography and Magnetic Resonance 
Imaging—do not help in differentiating ocular condition but 
can reveal characteristic central nervous system lesions of 
tuberous sclerosis. Occasionally, fine-needle aspiration 
biopsy can help to establish the diagnosis of an atypical reti-
nal astrocytoma [2].

22.1.5  Differential Diagnosis

Amelanotic choroidal melanoma, retinoblastoma, toxocara 
granuloma, isolated myelinated retinal nerve fibre, massive 
gliosis of retina.

22.1.6 Treatment

• Observation—most cases.
• Enucleation—painful blind eye (in cases of neovascular 

glaucoma) in progressively large tumours.
• Radiotherapy or charged particle beam—ineffective.
• Other treatment modalities—

 1. Photodynamic therapy and transpupillary thermother-
apy have been used in symptomatic tumours.

 2. Intravitreal anti-VEGF agents have been used to treat 
choroidal neovascular membrane and macular oedema 
associated with the tumour.

 3. Recently systemic Everolimus (mTOR inhibitor) has 
shown efficacy in the management of aggressive reti-
nal astrocytomas in a dose- dependent manner. 
Sirolimus has also been used with moderate success 
and has lesser bioavailability compared to everolimus 
[2, 12, 13].

22.1.7 Outcomes

Limited progression has been noted in childhood. They have 
extremely low malignant potential and do not metastasize. 

Progressive visual loss can be noticed in tumours around the 
fovea, but most patients retain normal vision [2, 13, 14]. 
Reports of spontaneous regression of the tumour have been 
documented [15].

22.2  Combined Hamartoma of Retina 
and Retinal Pigment Epithelium

22.2.1  History

The term combined hamartoma was first used by Gass in 
1973 to describe the findings in a series of seven patients 
with similar features.

22.2.2  Origin

Hamartoma is an abnormal growth of tissue that normally 
occur at the affected site. It has been proposed that this 
tumour could actually be a hamartoma of the retina, retinal 
pigment epithelium and the vitreous [16].

22.2.3  Clinical Features

CHRRPE is believed to be a congenital tumour often 
observed in young children with symptoms of visual loss or 
strabismus [17, 18]. Floaters, leukocoria and ocular pain 
are other occasionally observed complaints. Visual acuity 
can range from 20/20 to light perception. Common clinical 
features noted are intra-retinal corkscrew vessels/vascular 
tortuosity, pigmentation, retinal traction/elevation, epireti-
nal membrane/vitreo-retinal interface disturbances and 
lipid exudation [17] (Fig.  22.2). Choroidal neovascular 
membrane, tractional or rhegmatogenous retinal detach-
ment are known complications of this tumour. It is a unilat-
eral pathology, but bilateral cases can be observed in certain 
systemic conditions [16, 18].

Based on predominant tissue type, the tumour has been 
classified as melanocytic, vascular or glial [17]. A recent 
classification system was proposed by Dedania et  al. [18]. 
Based on the location the, tumour was classified into three 
zones: Zone 1—macular/peripapillary, Zone 2—mid- 
periphery, Zone 3—far periphery. Second component of the 
classification was anatomical status of the retina: Stage 1—
no traction, stage 2—retinal traction or schisis, stage 3—reti-
nal detachment. The third component was tumour anatomy 
on the OCT: A—epiretinal membrane only, B—partial reti-
nal involvement, C—retinal and RPE involvement. Peripheral 
lesions may not cause macular distortion and may be 
asymptomatic.

Table 22.3 SD-OCT features to predict systemic features in retinal 
astrocytomas

SD-OCT features to predict systemic features in retinal astrocytomas
Type 1 Flat without traction No systemic features
Type 2 Thickness <500 μ with 

traction
Cutaneous fibrous plaques

Type 3 Thickness >500 μ with 
calcification

Subependymal astrocytoma

Type 4 Thickness >500 μ with 
cavitation

Pulmonary 
lymphangiomyomatosis

Incorporated from Pichi F, Massaro D, Serafino M, Carrai P, Giuliari 
GP, Shields CL, Veronese C, Ciardella AP, Nucci P. Retinal astrocytic 
hamartoma. Retina. 2016 Jun 1;36(6):1199-208

H. Vaidya and V. Khetan



171

22.2.4  Systemic Associations

Neurofibromatosis type II (less commonly type I), tuberous 
sclerosis, Gorlin–Goltz syndrome, Poland anomaly, branchio- 
oculo-facial syndrome, juvenile nasopharyngeal angiofi-
broma [16].

22.2.5 Diagnosis

Optical Coherence Tomography (OCT)—On imaging 
with optical coherence tomography, CHRRPE appears to 
be a thickened retinal mass with hyperreflective surface, 
epiretinal membrane with retinal folds and full-thickness 

Fig. 22.2 (a) Colour fundus photo of the right eye of a 10-year-old 
male child (patient 1) with combined hamartoma of the retina and reti-
nal pigment epithelium at the supero-temporal arcade with epiretinal 
membrane extending over the macular area. (b) Red-free image of the 

same patient showing epiretinal membrane. (c) Fundus fluorescein 
angiogram (1.04 min)—showing mild hyperfluorescence correspond-
ing to the area of CHRRPE. (d) Late phase fundus fluorescein angio-
gram (7.48 min)—showing staining of the tissue

22 Paediatric Intra-ocular Tumours (Non-RB)
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retinal disorganisation (Figs. 22.3 and 22.4). The vitreo-
retinal traction can lead to “mini peak” (saw tooth pattern) 
of the inner retina or “maxi-peaks” (retina folded pattern) 
involving the full thickness of the retina [19]. Distinction 
between macular CHRRPE and idiopathic ERMs can be 
made by identification of “omega sign” in the former [20]. 
It is an  omega- shaped disorganisation of the inner retinal 
layers bounded posteriorly by the outer plexiform layer. 
“Shark teeth sign” is seen as small hyperreflective trian-
gles at the edge of the hamartoma without any back-shad-
owing [21]. This sign seems to persist even post surgery 
despite normalisation of other structural abnormalities. A 
recent OCT-based study stated that these lesions originate 
and primarily involve the inner retinal layers up to the 
outer plexiform layer and that outer retinal layers and 

RPE under the hamartoma are intact in most of the cases 
[22]. The epiretinal membrane associated with CHRRPE, 
which was once considered intrinsic to the tumour, is now 
believed to be extrinsic and the cleavage plane between 
the two can be identified on SD-OCT [23].

Fundus fluorescein angiography (FFA)—reveal dilated, 
telangiectatic capillaries in the early phase with leakage in 
the late phase of the angiogram [17, 24] (Fig. 22.5).

Optical Coherence Tomography—Angiography (OCT- 
A)—increased tortuosity of the superficial vessels, plexa rar-
efactions, and reduced detection or disappearance of the FAZ 
are features prominent of OCT-A [21]. Another hypothesis 
states that flow signals in deep capillary plexus in the absence 
of any vascular network corresponding to the normal retinal 
vasculature can be attributed only to intra-retinal vascularity 
of CHRRPE (filigree pattern) [25].

B-scan Ultrasonography (USG)—scan reveals a solid mildly 
elevated lesion often involving the optic nerve head. A scan 
reveals an irregular pattern of medium to high reflective lesion.

Multicolour imaging—multicolour imaging along with 
near infra-red reflectance help in delineating the tumour 
boundaries and defining the macular extent thereby aiding in 
prognostication of the tumour when planning any surgical 
intervention. Green reflectance helps in assessing the epireti-
nal gliosis and inner retinal involvement [26].

22.2.6  Differential Diagnosis

Epiretinal membrane is the most common differential diag-
nosis but the presence of retinal folds, hyperpigmentation, 
vessel tortuosity on FFA and OCTA features in CHRRPE 
helps in distinction from epiretinal membrane. Choroidal 
melanoma, congenital hypertrophy of retinal pigment epi-
thelium, retinoblastoma, chorio-retinal scar and vascular 
anomaly are other differential diagnoses.

22.2.7 Treatment

Surgical removal of the epiretinal membrane in CHRRPE is 
believed to damage the NFL and muller cells, making it difficult 
to strip the membrane and does not result in any visual improve-
ment [23, 24]. However, certain studies have found the mem-
brane to be extrinsic to the tumour and thereby proposing a role 
of ERM removal in CHRRPE for visual recovery [23]. Macular 
CHRRPEs having progressive visual loss are often due to the 
vitreous traction and epiretinal gliosis [27]. Surgical removal of 
membranes in these cases can be attempted, although the visual 
outcomes are guarded. Continuous glial proliferation is known 

Fig. 22.3 (a) Spectral domain Optical coherence tomography 
(Heidelberg engineering, Germany) of patient 1. Horizontal line scan 
through the fovea showing “mini-peaks” along with cystoid spaces. (b) 
Radial line scan through the fovea showing cystoid spaces along with 
disorganized retinal structures, superonasal to the fovea along with 
epiretinal membrane. (c) Vertical line scan through the CHRRPE lesion, 
superonasal to the fovea showing an epiretinal membrane along with 
disorganized retinal structure occupied by the lesion with some amount 
of back-shadowing over the RPE
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to occur in CHRRPE and a tendency for recurrent ERM even 
after surgery [23, 27]. Surgical option is generally deferred in 
cases of long- standing visual loss or in presence of marked cys-
toid macular oedema [28].

22.2.8 Prognosis

The factors resulting in poor visual outcome include macular 
location, clock hour meridian of the tumour, clinically visi-
ble epimacular membrane and male gender [17].

22.3  Medulloepithelioma

22.3.1  History

Badel and Lagrange in 1892 were the first to identify the 
condition as “carcinoma primitive”. Vaerhoff in 1904 coined 
the term “neuroteratoma”. In 1908, Fuchs used the term 
“diktyoma” to describe a net-like pattern of poorly differen-
tiated ribbon cells. The term medulloepithelioma was coined 
by Grinker in 1931 [29–31].

Fig. 22.4 (a) Colour fundus photograph of the right eye of a 11 year 
old girl (Patient 2) who came for consultation after noticing drop in 
vision after trivial trauma to her head. Shows a whitish retinal lesion 
over the posterior pole measuring about 1.5 disc diameters in size with 
slightly dilated retinal vessels overlying the lesion. (b) Widefield 
(Optos) fundus autofluorescence of the lesion showing area of hypoau-

tofluorescence corresponding to the retinal lesion and areas of hyperau-
tofluorescence surrounding the lesion. (c) Ultrasound (b) and (a) scan 
showing an area of retinal elevation with moderate surface reflectivity 
and low internal reflectivity. (d) Swept source optical coherence tomog-
raphy, showing a retinal lesion over the macular area with disorganiza-
tion of the retinal structures and few cystoid spaces

22 Paediatric Intra-ocular Tumours (Non-RB)
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22.3.2  Origin

Retina arises from the optic cup as an outgrowth of the med-
ullary epithelium of the medullary tube. At 6 weeks of ges-
tation, the embryonal retina appears similar to the medullary 
epithelium of the brain. Anterior portion of the optic cup 
forms the epithelium of the iris and ciliary body (CB)  
[31, 32].

Medulloepithelioma is a congenital tumour of non- 
pigmented ciliary epithelium of the eye. It is an embryonal 
tumour arising from the primitive medullary epithelium along 
the inner layer of the optic cup [31]. These tumours can be 
benign or malignant and teratoid (heteroplastic elements like 
hyaline cartilage, neuroglial tissue, rhabdomyoblasts) or non-
teratoid (purely primitive medullary epithelium). Rarely, they 
can arise from the iris, optic disc and retinal stalk [33, 34].

Fig. 22.5 Fundus fluorescein angiogram of the right eye (Patient 2) showing a hypofluorescent lesion which shows leakage in later phases

H. Vaidya and V. Khetan
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Most often seen in children, it is hypothesised to derive 
from incompletely differentiated embryonic ciliary epithe-
lium [31, 32]. When observed in adults, it is believed to arise 
from completely differentiated ciliary epithelium undergo-
ing hyperplasia [35].

22.3.3  Clinical Presentation

Medulloepithelioma typically presents as unilateral tumours 
between 2 and 6 years of age, with more than 75% of cases 
presenting in the first decade of life [32]. Adult manifestation 
of the disease has been well documented [35]. There is no 
known gender or racial predilection. These tumours are often 
asymptomatic. Until tumours are large enough to be seen 
through the pupil or cause symptoms due to secondary 
effects, the smaller tumours are often unnoticeable. Patients 
often receive treatment for the secondary effects even before 
the mass is identified [32] (Table 22.4).

Tumour description—often present as irregular grey- 
white to pink mass (rarely pigmented) located in the ciliary 
body region [36, 37] (Fig.  22.6). Multiple intra-tumoural 
cysts are found in more than 50% of cases [36]. These cysts 
can also be found in the anterior chamber, angle or vitreous 
cavity [32, 38]. It may contain chalky grey-white areas of 
cartilage or it may have vessels running over the surface or 
feeder episcleral vessels [39].

Secondary effects—Zonular loss adjacent to the tumour 
leads to a notch/coloboma of the lens. This could in turn 
cause lens subluxation with occasional cataract. Ciliary body 
adjacent to the tumour has long ciliary zonules covered with 
neoplastic cyclitic membranes. The tumour tends to grow 
along the posterior lens capsule and anterior hyaloid forming 
a vascular retrolental membrane. Child presenting with a 
normal fundus and unilateral neovascular glaucoma must be 
suspected to have medulloepithelioma. Rarely, retina can be 

involved (“retro-invasive medulloepithelioma”). Retinal 
involvement is believed to be associated with old age, chro-
nicity and glaucoma [32, 36, 37, 39].

Systemic association: DICER-1 gene (member of ribo-
nuclease III family) is a dominant trait located on chromo-
some 14q. It results in a familial cancer syndrome called 
Pleuropulmonary Blastoma Family Tumour and Dysplasia 
Syndrome (PPB-FTDS). Less than 1% of patients with PPB 
manifest CB medulloepithelioma and 5% cases with 
medulloepithelioma have a history of PPB. Recently somatic 
mutations of KMT2D have also been recognised [32, 40].

22.3.4  Diagnosis

B-scan Ultrasonography (USG)—displays a heterogeneous, 
highly echogenic mass in the CB region with irregular intra-
tumoural cystic areas. Occasional calcification seen due to 
presence of cartilage can give a picture similar to that of a 
retinoblastoma [41].

Ultrasound Biomicroscopy (UBM)—helps in delineating 
the radial and circumferential extent of the tumour along 
with co-existing pathologies (intra-tumoural cysts, anterior 
chamber (AC) cysts, neoplastic cyclitic membranes, lens 
subluxation) [42].

Fundus fluoresecein angiogram (FFA)—reveals vessels 
arising from the ciliary body tumour and form a haphazard 
network within the retrolental membrane. Vascular stalk 
from the detached retina to the CB tumour has been noted as 
well [32].

Magnetic Resonance Imaging (MRI)—reveals a heteroge-
neous mass of both cystic and solid tumour arising from the 
CB region. The tumour is isointense to mildly hypertense on 
T1 imaging, with contrast enhancement [32, 43].

22.3.5  Histopathology

It is composed of pseudostratified primitive neuroepithelial 
cells surrounded by hyaluronic acid-rich hypocellular 
stroma. It resembles medullary epithelium of the developing 
neurosensory retina or embryonic neural tube before the 
fourth month of gestation. Rosettes are often larger and more 
cellular. Neuroepithelial tubules and absence of calcification 
are features specific to medulloepithelioma. Although it is 
primarily a tumour arising from the region of non-pigmented 
ciliary body epithelium, foci of pigmented tumour cells are 
relatively common [30, 32].

Table 22.4 Signs and symptoms of medulloepithelioma

Symptoms Signs
•  Loss of vision
•  Leucocoria
•  Painful red eye
•  Strabismus

•  Grey-white CB mass with cysts
•  Iris (NVI/localised bowing/ectropion uveae/

correctopia)
•  Lens (cataract—sectoral or total/loss of 

zonules or subluxation/notch or coloboma)
•  Retrolental neoplastic cyclitic membrane
•  Secondary glaucoma (neovascular or angle 

closure)
•  Vitreous haemorrhage
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Congenital 

All congenital tumours are 
medulloepitheliomas

Acquired

Arise from differentiated epithelium 
Generally in adulthood

Arise from undifferentiated epithelium 
Generally in childhood

Acquired tumours include 
hyperplasia, adenomas, 
adenocarcinomas

Ciliary epithelium 
tumours

 

Fig. 22.6 Clinical features of medulloepithelioma in (a) 2-year-old 
girl who presented with translucent white mass (arrow) with intrinsic 
vascularity and iris neovascularisation. (b) In the ciliary body was a 
beige-white mass with loss of zonule, representing medulloepithelioma 

(Image courtesy Dr Santosh Honavar. Incorporated from Tadepalli SH, 
Shields CL, Shields JA, Honavar SG. Intraocular medulloepithelioma–
A review of clinical features, DICER 1 mutation, and management. 
Indian journal of ophthalmology. 2019 Jun;67(6):755)

Malignant medulloepithelioma is diagnosed based on [31]:

 1. Retinoblastoma-like elements (sheets of neuroblastic 
cells among the cords) with or without rosettes

 2. Sarcoma-like elements
 3. Pleomorphism and high mitotic index
 4. Invasion into adjacent uvea, lens, sclera, cornea, optic 

nerve or orbit

Immunohistochemistry: Vimentin and neuron-specific 
enolase are positive in nonteratoid tumours. Immunohisto-
chemistry for pancytokeratins and cytokeratin (CK) 18, with 
no reactivity for CK7, CK20, and epithelial membrane antigen 
has been described [32, 44].

Most common malignant features are high mitotic activ-
ity (60%) and retinoblastoma-like differentiation (37%). 

Intra-ocular medulloepithelioma has features similar to that 
of medulloepithelioma of the central nervous system, but 
survival rates are significantly better [32, 36].

22.3.6  Differential Diagnosis

 1. Retinoblastoma—Neovascular glaucoma (NVG), CB 
invasion, AC seeds, total cataract can lead to 
misdiagnosis.
• Presence of calcification is characteristic of retinoblas-

toma but intra-tumoural cartilage in medulloepitheli-
oma may show a similar picture.

 2. Coats disease—Present as unilateral retinal vascular tel-
angiectasia with exudative retinal detachment
• Lack of CB involvement helps in differentiation
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• Retrolental neoplastic cyclitic membrane—serves to 
distinguish medulloepithelioma from retinoblastoma 
and Coats

• FFA: rapid filling of haphazard large vessels originating 
from the CB across the anterior hyaloid in medulloepi-
thelioma. Total RD in coats and Rb, regular organised 
vessels emanate from the centre to the CB region.

 3. PHPV—cells comprising of neoplastic membrane in 
medulloepithelioma multiply and produce collagen. This 
could lead to opacification of the membrane which resem-
bles PHPV. Vessels arise from the periphery and there is 
no vascular stalk attaching to the disc as in PHPV.

 4. Juvenile xanthogranuloma—they present as sudden 
hyphema with diffuse iris involvement and occasional  
skin involvement

 5. Toxocariasis—patients are generally older than 5 years 
with a history of contact with dogs.

 6. In adults
• Adenoma
• Hyperplasia
• Carcinoma
• Metastasis
• CB melanoma

22.3.7  Management

Small tumours (<3–4 clock hours)

 1. Cryotherapy—triple freeze–thaw technique for small or 
recurrent tumours [32, 39].

 2. Local resection (partial lamellar sclerouvectomy—
PLSU)—technically demanding with a high recurrence 
rate (up to 50%). The recurrence may be attributed to sub-
clinical tumour not included in the excision [39].

 3. Radiotherapy—successful treatment has been noted with 
plaque brachytherapy with I-125 and Ru-106 (apex dose: 
40–50 Gy). EBRT (45–50 Gy) mainly used as adjuvant 
therapy for orbital and metastatic tumours [32, 45].

Large tumours

 1. Enucleation—standard of treatment for advanced cases 
with large tumours and neovascular glaucoma. Spillage 
must be prevented while performing enucleation [36, 39].

 2. Exenteration/extended enucleation—for cases with 
orbital extension [32].

22.3.8  Outcomes

Patients often present months after the onset of symp-
toms, with the secondary manifestations of the disease 
like cataract, glaucoma and uveitis and managed for the 

same for months. Unless extraocular or CNS involvement 
is noted, tumour- or metastasis-related death is uncom-
mon [30, 36, 39]. Five-year survival post enucleation in 
ocular tumours is 90–95%. Prognosis in tumours with 
metastasis and recurrence is guarded [32, 46].
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Congenital X-Linked Retinoschisis

Kimberly Drenser

Abstract

Congenital X-linked Retinoschisis (CXRS) is a vitreoreti-
nopathy that is primarily inherited in an X-linked reces-
sive pattern. It is typically bilateral and is the most 
common cause of juvenile macular degeneration in males. 
The primary defect is in the RS1 gene, with a high correla-
tion between clinical diagnosis and alterations within the 
gene. While this makes CXRS an excellent target for gene 
therapy, the current management remains predominantly 
surgical.
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23.1  Introduction

Clinical Presentation Congenital X-linked Retinoschisis 
(CXRS) affects 1  in 5000–25,000 live births worldwide 
and occurs in a broad population, without demonstrating 
ethnic predisposition [1]. It is bilateral, although it may be 
asymmetric, and is the most common cause of juvenile 
macular degeneration in males. Typical of X-linked inheri-
tance, mothers are asymptomatic obligate carriers, with 
normal retinal findings on examination. Generally, chil-
dren present between the ages of 5 and 10 years after fail-
ing an eye exam or having difficulty with scholastic tasks, 
but severe cases may present in infancy with nystagmus or 
strabismus. The clinical course is variable with severity 

ranging from mild/moderate effect on visual acuity (20/50 
to the 20/100 range), to very severe affectation with no 
light perception [2].

The vitreoretinopathy is due to the expression of an 
aberrant retinoschisin, caused by an alteration in the RS1 
gene [3–5]. The retinoschisin protein plays an important 
role in both the structural and functional integrity of the 
retina. Clinically, patients present with a wide array of 
retinal pathology but universally manifest a loss of intra-
retinal integrity. The hallmark for the disease is splitting, 
or schisis, of the retinal layers [2]. Optical coherence 
tomography (OCT) demonstrates that retinal splitting 
occurs in all layers of the retina, but appears to most com-
monly occur in the outer plexiform layer [6, 7]. Schisis in 
the fovea (Fig. 23.1), the area of the retina responsible for 
detailed visual acuity, is seen in nearly all cases to varying 
degrees and is responsible for the loss of fine visual acuity. 
Although foveal schisis may be the earliest change 
detected, retinal splitting can be seen in the mid-periphery 
and periphery, and present as a bullous (Fig. 23.2) or flat 
schisis (Fig. 23.3) cavity. Until the development of OCT, 
this flat, or lamellar schisis, was often missed, and it is 
now understood that this finding may be responsible for 
vision significantly worse than initial examination may 
reveal. The advent of OCT analysis, in combination with 
ophthalmoscopic exam, aids in the accurate diagnosis of 
CXRS and determining the extent of affected retina [6, 8, 
9]. Based on these OCT findings a new  classification sys-
tem (Table 23.1) has been developed which better repre-
sents the spectrum of this disease [7].

The advent of the OCT has also aided in understanding 
how structure affects function. The electroretinogram (ERG) 
typically shows a normal a-wave amplitude and a reduced 
b-wave amplitude, and that both focal ERG and full-field ERG 
yield similar results. This has been attributed to the schisis 
cavity within the retina causing a delay in electrical impulse 
conductance [10, 11]. OCT findings demonstrating lamellar 
schisis explain the finding that ERG dysfunction is found 
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Fig. 23.1 OCT example of foveal schisis. The OCT shows spaces 
within the retina which are typical

Fig. 23.2 Fundus photo example of a bullous schisis cavity. The outer 
retina remains attached but the inner wall is detached

Table 23.1 Classification of Congenital X-linked Retinoschisis

Type Foveal schisis Lamellar schisis Peripheral schisis
Foveal + − −
Foveal-lamellar + + −
Complex + + +
Foveal- 
peripheral

+ − +

a b

Fig. 23.3 Example of lamellar (or flat) schisis. (a) The color fundus 
photo shows an attached retinal following surgery for a combined trac-
tional schisis and full-thickness rhegmatogenous retinal detachment. 

The retinal layers are tamponaded by silicone oil. (b) The OCT shows 
the persistent intraretinal structural schisis that persists despite repair
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throughout the retina even when clinical evaluation reveals 
foveal pathology only. Foveal CXRS, with foveal schisis only, 
explains the occasional eye which has a normal ERG.
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Inherited Retinal Degenerations 
in the Pediatric Population

Birgit Lorenz and Markus N. Preising

Abstract

Inherited retinal degenerations (IRDs) are usually pro-
gressive disorders that may be difficult to diagnose in 
early childhood and look different from more advanced 
stages. This chapter focusses on early phenotypes visible 
with currently available imaging techniques and describes 
the clinical course during the first two decades. It also 
emphasizes the importance of recognizing carrier signs in 
X-linked disease.

Keywords
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24.1  Introduction and Short Overview 
on Inherited Retinal Degenerations 
(IRDs)

IRDs are genetically and phenotypically extremely hetero-
geneous. Figure  24.1 and Table  24.1 summarize the actu-
ally known genes. The data are constantly updated in the 
referenced electronic databases. The European Reference 
Network on Rare Eye Diseases (ERN-EYE) recently devel-
oped an ontological foundation for ocular phenotypes and 
rare eye diseases [1]. It is important to remember that most 
IRDs are progressive in nature, and the expressivity may be 
variable. Especially in infants and young children, the fundu-
scopic features may be relatively unremarkable or show only 
subtle signs. In particular, they may be difficult to detect in 
the presence of nystagmus, usually noticed around the age 

of 6–10 weeks. Infantile nystagmus can be a sign of very 
different diseases but hereditary retinopathies are a frequent 
cause of sensory defect nystagmus [2, 3]. With disease pro-
gression, the funduscopic findings and visual functions will 
change over time. To familiarize the clinician dealing with 
hereditary retinal disease, we provide ample information of 
the findings of fundus photography, fundus autofluorescence 
(FAF), and optical coherence tomography (OCT) of various 
genotypes. This illustrates phenotypic variations with differ-
ent degrees of severity due to genetic and allelic heteroge-
neity, intrafamilial variability, and disease progression from 
childhood into young adulthood.

24.2  Examination Techniques with Special 
Focus on the Pediatric Age Group

Adequate diagnosis and follow-up of inherited retinal degen-
erations require a whole set of examination methods. Because 
of emerging therapies, natural history studies are becoming 
increasingly important to provide insight if the therapies are 
slowing or stopping the disease course. Multimodal investi-
gations including electrophysiology as well as common and 
advanced imaging techniques can identify specific pheno-
types but nystagmus may limit the image quality. Table 24.2 
lists the most important tests that are in clinical use, at least 
in centers focusing on IRDs [4]. Age adapted tests are high-
lighted as they are important to get reliable and meaningful 
results. Early in childhood, retinal changes visible by bio-
microscopy may be subtle. Poor compliance at a young age 
hampers the feasibility of functional tests. These tests need 
special skills and experience of the examiner when applied 
in young children. Holder and Robson [5] have published 
a practical approach to pediatric ophthalmology. Handheld 
and portable imaging devices allow their use starting from 
infancy; therefore, examination under general anesthesia is 
only done exceptionally.
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Fig. 24.1 Genes: Compilation of genes with sequence variations caus-
ing inherited retinal degenerations (IRDs). Genes written in black are 
involved in at least two disease entities. Genes involved in multiple dis-
ease entities are highlighted in bold. RPE65 in italic font and underlined 

is currently the only gene with a clinically approved gene therapy. 
Diseases are in the order according to age of onset and 
pathophysiology

Table 24.1 The spectrum of inherited retinal disorders (IRD) (updated 02/2020) (according to OMIM (http://omim.org/), RetNet (https://sph.uth.
edu/retnet/) and GeneBank (https://www.ncbi.nlm.nih.gov/gene/)

Function Disease entities Genes
Unknown Rod-Cone Dystrophy (RCD) ABCC6, GPR125, ITM2B, KIAA1549, SPP2

Congenital Stationary night blindness 
(CSNB)

NYX

Ocular development, organogenesis Cone-Rod- Dystrophy (CRD) ADAM9, ADAMTS18, C1QTNF5, CERKL, CRB1, 
CRB2, CTNNA1, DRAM2, MAPKAP3

Retinitis pigmentosa (RP)/RCD EYS, FAM161A, IMPG1, IMPG2, KLHL7, ND, 
NEK2, TEAD1, TIMP3, ZNF513

Early-onset severe retinal dystrophies 
(EOSRD)
Ciliopathies

CCDC6, GDF6, INVS, OTX2, PCYT1

Transcriptional control
DNA damage repair

Aniridia (AN2) PAX6
Achromatopsia (ACHM) ATF6
RP/RCD/CRD AHR, C21orf2, CRX, NEUROD1, NR2E3, NRL, 

PRDM13, RAX2, RCBTB1, REEP6, SAMD11, TRNT1
BBS TUB
USH HARS1

Visual cascade ACHM CNGA3, CNGB3, GNAT2, PDE6C, PDE6H
Blue Cone Monochromacy (BCM) OPN1LW, OPN1MW
CRD GUCA1A, GUCY2Da, PDE6A, RD3a, OPN1SW
RP/RCD CNGA1, CNGB1, GRK1, GUCA1B, PDE6Bb, 

PDE6G, PRKCG, R9AP, RGS9AP, RGS9, RGS9BP, 
RHOb, SAG

CSNB GNAT1, GNB3
Retinol cycle RP/RCD RDH11, RGR, RBP3, LRAT, RPE65a, RLBP1b, RBP4, 

ABCA4c

CRD RDH12a, RDH5b
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24.3  Selected Examples of IRDs 
with Identified Genotypes

The high and still increasing number of genes correlated 
with inherited retinal degenerations precludes a comprehen-
sive list of all currently known genes in the context of this 
book. It is important to note that complex disease phenotypes 
require an interdisciplinary approach, which has been dem-
onstrated again recently by identifying the retinal phenotype 

in a new metabolic disorder, i.e., Taurin transporter SLC6A6 
that might be amenable to therapy [6].

The selection includes genes associated with the follow-
ing features: manifestation at birth or early childhood, rela-
tively high frequency, involvement in complex pathways, 
importance in differential diagnosis and genetic counseling, 
or upcoming and already existing therapeutic approaches. 
Clinicians and researchers looking for more in-depth infor-
mation should refer to the textbook by Traboulsi on Genetic 

Table 24.1 (continued)

Function Disease entities Genes
Neural function, Photoreceptor 
response, Impulse transmission
Electrochemistry

CRD CACNA2D4, KCNV2, RS1, UNC119
Bestrophinopathies (VMD, ARB, ADVIRC) BEST1c

EOSRD KCNJ13
RP/RCD CA4, CLCC1
CSNB CABP4d, CACNA1F, GRM6, GRP179, SLC24A1, 

TPRM1
Usher Syndrome SLC4A7

Ciliopathies and intraflagellar 
transport

EOSRD
Joubert Syndrom
Senior–Løken Syndrom
Nephronophthisis

AHI, ALMS1, C6orf152, CC2D2A, CEP41, CEP290d, 
CLUAP, CSPP1, INPP5E, IQCB1, KIF7, LCA5, 
MKS1, NPHP1, NPHP3, NPHP4, RPGRIP1, 
RPGRIP1L SPATA7, TCTN1, TMEM67, TMEM138, 
TMEM216, TMEM237, TTC21B

CRD CDHR1, POC1B, RP1L1
RP/RCD AGBL5, ARL2BP, C8orf37, CDHR1, FSCN2, IFT140, 

IFT172, IMPDH1, KIZ, MAK, PCARE, PROM1, 
PRPH2, ROM1, RP1, RP2, RPGR, SEMA4A, TTC8, 
TTLL5

Bardet–Biedl Syndrome (BBS) ARL6c, BBIP1, BBS1, BBS2, BBS7, BBS4, BBS5, 
BBS7, BBS10, BBS12, CEP19, IFT27, IFT174, 
INPP5E, LZTFL1, MKKS, MKS1, PTHB1, 
SDCCAG8, TRIM32, WDPCP

Usher Syndrome (USH) ADGRV1, CDH23, CDH3, CEP250, CIB2, CEP78, 
CLRN1, ESPN, FBLN5, GPR98, Harmonin, MTTS2, 
MyoVIIa, PCDH15, PCDH21, PDZD7, SANS, 
USH2Ac, USH2D, WHRN

Intracellular transport CSNB LRIT3
EOSRD AIPL1, CCT2
RP/RCD ARHGEF18, ARL3, MERTK, RAB28, TULP1d

OCRL1, CHM
CRD RIMS1

Metabolism and housekeeping 
functions

EOSRD CNNM4, NMNAT1, SRD5A3
RP/RCD ASRGL1, DHDDS, HGSNAT, HK1, IDH3A, IDH3B, 

MVK, PLA2G5, POMGNT1, PRCD, SLC7A14, 
TOPORS, TTPA

CRD CYP4V2, EFEMP1, ELOVL4, MFSD8
Syndromes MTP, PXMP3, TREX1, TTPA8, WDR19
BBS ADIPOR1
USH ARSG
Ceroid lipofuscinosis ATP13A2, CLN3, CLN5, CLN6, CLN8, CTSD, CTSF, 

DNAJC5, GRN, KCTD7, MFSD8, PPT1, TPP1
Splicing RP/RCD PAP1, PRPC8, PRPF3, PRPF4, PRPF6, PRPF8, 

PRPF31, SNRNP200
EOSRD DHX38

Bold: frequent: sequence variations underlying overlapping phenotypes from allelic heterogeneity
aPredominant early-onset phenotypes, bWith congenital stationary night blindness (CSNB), cWith Retinitis pigmentosa (RP/RCD), dWith early- 
onset severe retinal dystrophies (EOSRD)
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Diseases of the Eye (2nd edition 2012) [7]. We published a 
concise update on the basics of hereditary disease, genetic 
testing, phenotyping, and treatment in ocular disorders [8, 9]. 
Basic aspects and principles of genetic testing are described 
in Chap. 30 of this book.

24.3.1  Ocular Development and Metabolic 
Disease

In this section, three genes are discussed in more detail, 
i.e., PAX6, the master control gene for ocular development, 
Norrie Disease Protein (NDP) which was the first gene iden-
tified as part of the wnt signaling pathway, and Juvenile 
Ceroid Lipofuscinosis (CLN3) as an important differential 
diagnosis to juvenile Retinitis Pigmentosa (RP) because of 
its early fatal disease course.

24.3.1.1  PAX6
The most frequent cause of macular hypoplasia is albinism 
[10, 11] which is not included here because of its station-
ary course. Retinal diseases are a frequent cause of infantile 
nystagmus [2, 3]. PAX genes are a family of transcriptional 
regulators involved in the early development of organisms 
during embryogenesis. PAX6 is the master control gene 
for ocular development in vertebrates and non-vertebrates. 

Heterozygous PAX6 gene mutations are associated with a 
wide spectrum of phenotypes due to haploinsufficiency (For 
an overview, see [12]). The iris changes are most promi-
nent, but the disease is panocular and includes also macular 
hypoplasia, retinal and choroidal colobomata. Cataract and 
corneal opacification are typically progressive and cause 
additional visual impairment later in life. Figure 24.2 shows 
representative examples. Recently, a nonsense suppression 
therapy in a pax6 mouse model administered postnatally has 
reversed malformation defects [13].

24.3.1.2  Norrie Disease
Norrie disease is an X-linked disorder with typical congeni-
tal blindness, hearing problems, psychiatric features, and 
epilepsy. The gene (NDP) was identified in 1992 [14]. The 
disease may be limited to the eye. While non-attachment of 
the retina is the typical appearance, milder phenotypes with 
exudative vitreoretinopathy or falciform retinal fold may 
mimic retinopathy of prematurity although without prematu-
rity. We reported this already in 1995 [15]. Figure 24.3 shows 
a collection of phenotypes. Norrie disease is part of diseases 
recognized as wnt-signaling pathway disorders manifesting 
as familial exudative vitreoretinopathy with autosomal dom-
inant inheritance being the most frequent. Autosomal reces-
sive inheritance may also occur (For an overview, see [16]). 
Knowledge of the pathophysiology of Norrie Disease may 
lead to effective therapeutic approaches. In milder pheno-
types, early retinal photocoagulation may be effective to pre-
vent disease progression (see Fig. 24.3a–c, unpublished data, 
courtesy Monika Andrassi-Darida, Dept. of Ophthalmology 
Giessen). Early vitrectomy has also been proposed [17].

24.3.1.3  Juvenile Ceroid lipofuscinosis (CLN3)
CLN3 is a rare autosomal recessive lysosomal storage disor-
der. The majority of patients suffer from neurological symp-
toms due to neuronal degeneration in the first decade of life 
leading to death in the second or third decade. One of the 
first symptoms usually preceding neurological symptoms is 
a rapid visual decline from severe retinal degeneration [18]. 
Children between 5 and 8 years present with rapidly pro-
gressing RP or bull’s eye maculopathy. OCT is pathogno-
monic because, different from RP, not only photoreceptors, 
but also inner retinal layers are severely compromised early 
on (Fig. 24.4).

24.3.2  Ciliopathies

Motile and non-motile cilia are nearly ubiquitous cellular 
organelles. By 2017, 35 different ciliopathies have been 
described, with 187 established genes, and >240 candidate 
genes [19]. Sensory ciliopathies result specifically from 
defects in the sensory and/or signaling functions of non- 

Table 24.2 Compilation of the most relevant clinical tests to diagnose 
IRDs in children

Imaging Electrophysiology Psychophysics
Fundus photography
Infants:
wide-field contact 
(e.g., RetCam)
wide-field non 
contact (OPTOS)
later on: wide-field, 
e.g.,OPTOS, Zeiss 
Clarus 700

Full-field ERG
DTL electrodes
Skin electrodes

Visual Acuity:Infants: 
Teller Acuity Cards 
TAC
Toddlers: LEA, HOTV
Thereafter: Snellen, 
ETDRS
Visual Field Testing
From about 6 years on

Fundus 
Autofluorescence 
FAF Spectralis 
(Heidelberg Eng.) 
OPTOS

mfERG (from 
about 6 years on)

Color vision: 
Matsubara plates, 
Waggoner plates Panel 
D 15

Optical coherence 
tomography 
SD-OCT, SD-OCT
Hand-held, 
table-mounted

Dark adaptation Dark 
adapted VF testing 
Full-field stimulus 
threshold testing FST

Comment: Clinical diagnosis should precede molecular genetic diag-
nosis to describe the natural course of the disease. Molecular genetic 
analysis then confirms the clinical diagnosis. The best possible clinical 
diagnosis is important in order to preselect likely genes and to interpret 
the molecular genetic results for mutations of unknown significance. 
Segregation analysis of the mutations found is important in the case of 
compound heterozygous mutations to prove biallelic presence compat-
ible with autosomal recessive inheritance. Gene directed therapies 
require a precise molecular genetic diagnosis
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motile cilia. Ciliopathies with retinal manifestation in early 
childhood are CEP290-associated IRDs (LCA, isolated or 
syndromic = Joubert Syndrome, JBTS), the Bardet–Biedl 
Syndromes (BBS), Senior–Løken Syndrome, and Alström 
Disease. The Usher Syndromes usually have a later retinal 
manifestation, although night blindness may be an early 
symptom. Inheritance is always autosomal recessive.

24.3.2.1  CEP290-Associated IRD
CEP290-associated IRD is a ciliopathy that may manifest as 
isolated LCA or as Joubert Syndrome (JBTS).

Biallelic CEP290 mutations are one of the most fre-
quent causes of IRDs with infancy onset. The interest in 
CEP290- associated LCA is high since recently a novel 
therapeutic approach, i.e., intravitreal injection of antisense 

a

d

b

c

Fig. 24.2 PAX6: Compilation of phenotypic variations in patients with 
mutations in the prominent transcription factor PAX6 controlling major 
steps in eye development. Variations in disease severity are attributed to 
haploinsufficiency. (a) Iris hypoplasia including atypical coloboma as 
prime feature of PAX6 dysfunction presents with interpatient and intra-
familial variability shown for sequence variation p.*423Lfsext**180 in 
Patient 1–10. Patient 1 at 24 years presented with full aniridia, while 
Patient 2 at 14 years showed incomplete aniridia and Patient 3 at 8 years 
had partial aniridia while Patient 4 at 35 years had displaced pupil. 
Patient 5 at 24 years, patient 6 at 26 years, and their mother Patient 7 at 
55 years, as well as Patient 8 at 23 years, her mother, patient 9 at 51 
years, and aunt, Patient 10 at 60 years, all showed an appearance of 
intrafamilial variability including cataract formation. On the other 

hand, phenotypic expression can be unique and stable like in Patient 11 
at 11 years (Sequence variation p.P249R (c.746C>G)) and her mother, 
patient 12 at 43 years. The expression in the iris can be very mild as in 
this family and patient 13 at 43 years (Sequence variation p.F217S 
(c.650T>C)), patient 14 at 12 years (Sequence variation p.E228K 
(c.682G>A)), Patient 15 at 14 years (Sequence variation p.L57P 
(c.170T>C)), Patient 16 at 5 years (Sequence variation p.G12R 
(c.34G>C)), and Patient 17 at 26 years (Sequence variation p.R128H 
(c.383G>A)). Assorted (b) Fundus photograph, (c) Fundus autofluores-
cence (FAF), and (d) SD-OCT images showed macular hypoplasia. 
Atypical chorioretinal hypoplasia is present in Patient 13 and 17, while 
Patient 5–7 are an example of intrafamilial variability of retinal affec-
tion. Visual acuity (VA) is reported in logMAR
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oligonucleotide has shown promising results in a clinical 
trial [20]. Figure 24.5 is a compilation of typical phenotypes 
at a young age. A recent study on the natural phenotype 
included 66 patients carrying the most frequent CEP290 
mutation [c.2991+1655A>G (p.C998*)] either homozygous 
or heterozygous with another pathogenic sequence variant 
[21]. About 70% of patients had either light perception or 
no light perception. Among patients with measurable visual 
acuity, the range was 0.12–1.9 logMAR. Extra-ocular fea-
tures were present in 18% of which delayed psychomotor 
development was most frequently encountered (42%). OCT 
data were available in 12 patients, 11 of whom had retained 

foveal outer nuclear layer and ellipsoid zone integrity, up 
until 48 years (median 23 years) of follow-up. Homozygous 
patients appeared less severely affected compared to their 
compound- heterozygous peers. Improvement of visual func-
tion may occur in the early years of life, possibly provid-
ing physicians with an optimal time window for therapeutic 
intervention. An intact foveal ONL and photoreceptor layer 
visible on OCT may extend this window, emphasizing the 
importance of thorough and regular patient phenotyping 
despite the presence of nystagmus that may complicate the 
examination procedures. Another study from our group [22], 
analyzed 30 patients with the full spectrum of pathogenic 

a

b d
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e

Fig. 24.3 NDG. (a) Fundus photograph with RetCam, Patient 1 with 
Norrie syndrome caused by sequence variant p.C95F (c.284G>T) at 1 
month and 6 months, and with a Clarus 700 camera at 13 months. (b) 
Corresponding fundus autofluorescence images at 1 month and 6 
months taken with Retcam. (c) Fluorescence angiogram taken by 

Retcam in Patient 1 at 20 min and 25 min post-injection at 6 months. 
Note the leaking vessels at the retinal arcades. (d) Retinal falciform fold 
in patient 2 at 3 years. (e) Examination challenge in Norrie disease in 
different patients. Visual acuity (VA) is reported in logMAR
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sequence variants including a 1-month-old infant. Only 33% 
of the 30 patients had no LP, 67% at least LP, and among 
these 26% had logMAR 2 to 0.7. Twenty-three of the 30 
patients carried the c.2991+1655A>G mutation, 7 were 
homozygous. The homozygous patients are candidates for 
intravitreal antisense oligonucleotide therapy [20]. Full-field 
electroretinogram showed residual response in a few patients 
only who later deteriorated further. Fundus photography 
documented degenerative changes throughout the retina with 
macular degeneration and increased circular fundus autoflu-
orescence signals in the perimacular ring, while the periph-
eral FAF appeared spotty in the rod ring. SD-OCT disclosed 
reduced photoreceptor layer thickness and preserved inner 
retinal thickness indicating anatomical potential for success-
ful treatment.

24.3.2.2  Bardet–Biedl Syndromes
To date, biallelic mutations in as many as 25 different genes 
have been associated with the Bardet–Biedl Syndrome 
(BBS), a big surprise for such a rare syndrome. The cardinal 
features are rod-cone-dystrophy with early central involve-
ment, polydactyly, truncal obesity, renal abnormalities, and 
mental retardation or learning disabilities but not all are pres-
ent together. Polydactyly may have been corrected already 
at the time of the first presentation to the ophthalmologist. 

Therefore, clinicians should ask specifically for this feature. 
So far, no clear genotype–phenotype correlation arises for 
the different genes involved. A recent cross-sectional retro-
spective study demonstrates the early decline in visual acuity 
[23]. Figure 24.6 shows the early phenotypes of mutations in 
six BBS genes and demonstrates the macular involvement 
clearly visible on OCT and on FAF. An overview of the role 
of BBS genes on the eye has been published recently [24]. To 
date, no causal therapies are available. Therefore, supportive 
and rehabilitation therapies are important.

24.3.3  Early Onset Severe Retinal Dystrophies 
(EOSRD, EORD, SECORD)

Early-onset severe retinal dystrophies EOSRD (alternative 
terms Early Onset Retinal Dystrophies EORD, or Severe 
Early Onset Retinal Dystrophies SECORD) comprise a 
group of genetically and clinically heterogenous IRDs that 
are all characterized by onset in early infancy. The most 
severe phenotype is also called Leber Congenital Amaurosis 
(LCA) first described by Theodor Leber in 1869. For an 
overview, see the publication by Henderson, Lorenz, and 
Moore in 2006 [25]. The following sections present phe-
notypes for eight of the genes identified by February 2020. 

a

b

c

Fig. 24.4 CLN3. Three patients homozygous for the common 1.02 kb 
deletion covering the exons 7 and 8 in the CLN3 gene causing juvenile 
ceroid lipofuscinosis. The patients were at the critical age range from 
onset to about 7 years (Patient 1), functional impairment at 9 years 
(Patient 2) to the advance stage at 15 years (Patient 3). (a) At onset 
(Patient 1) and in the period of severe and quick functional loss (Patient 
2), the fundus may present with relatively mild changes with atypical 
foveal reflex and narrow retinal arteries (Patient 1) or bull’s eye macu-

lopathy (Patient 2) but develop pan-retinal photoreceptor degeneration 
that is typically very fast progression (Patient 3). (b) Fundus autofluo-
rescence (FAF) with a rod-cone degeneration pattern with a paramacu-
lar ring of increased autofluorescence (Corresponding recordings to a). 
(c) SD-OCT explains the functional loss by a general reduction of reti-
nal thickness with quickly progressing degeneration of photoreceptors 
including inner and outer segments together with severe involvement of 
the inner retina as well. Visual acuity (VA) is reported in logMAR
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a

c

b

Fig. 24.5 CEP290. Course of retinal dystrophy in CEP290-associated 
early-onset retinal degeneration (EOSRD) and Leber congenital amauro-
sis (LCA). (a) Fundus photographs of four patients with different biallelic 
CEP290 sequence variants. Patient 1 at 5 years (sequence variations p.
G860* (c.2578G>T), [p.R1752W (c.5254C>T), p.R1253H (c.3758G>A)]) 
presented with a blunt fundus appearance in the center and yellowish 
spotty appearance in the periphery. A more obvious degenerative progres-
sion is visible in the retinal periphery of Patient 2 at 9 years (sequence 
variations c.2991+1655A>G (p.C998*) homozygous) and Patient 3 at 16 
years (sequence variations c.2367+1G>A, c.2991+1655A>G (p.C998*)). 
In the latter, the peripheral RPE shows clear signs of degeneration, and the 

fovea looks abnormal as well. In Patient 4 at age of 36 years (sequence 
variations c.2991+1655A>G (p.C998*), c.6277delG (p.V2093fs*4)) the 
degeneration has progressed and shows pan-retinal involvement. (b) The 
corresponding fundus autofluorescence (FAF) images to (a) indicate 
major rod involvement by a ring of increased autofluorescence as com-
monly seen in rod-cone degeneration. (c) Spectral-domain Optical 
Coherence Tomography (SD-OCT) finding supports the advanced periph-
eral photoreceptor degeneration compared to the slower progression in the 
center with preserved layering of the outer and inner segments and the 
outer nuclear layer which gives hope to effective treatment approaches. 
Visual acuity (VA) is reported in logMAR
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Typically, inheritance mode is autosomal recessive due to 
biallelic mutations. In LCA, the full-field-ERG is usually 
non-recordable from infancy onward, and nystagmus or rov-
ing eye movements are also early signs.

24.3.3.1  Photoreceptor Guanylate Cyclase 
(GUCY2D) Phenotypes

Mutations in GUCY2D (the gene coding for photoreceptor 
guanylate cyclase GC-E) can give rise to either autosomal 
recessive LCA (LCA1, biallelic mutations), or to autosomal 
dominant cone-rod-degeneration (adCRD, CORD5, mono-
allelic mutations). LCA1 means that this was the first LCA 
gene attributed to a specific chromosomal location, CORD5 
similarly means that this was the fifth CORD gene localized. 

The autosomal recessive form (LCA type) is associated with 
severe visual impairment to complete blindness usually from 
infancy onward but sometimes also better preserved visual 
function, due to the absence of an essential enzyme in the 
visual cascade. Interestingly, the retinal structure typically 
remains relatively well preserved into adulthood (Fig. 24.7a, 
d, g). In contrast, the autosomal CORD is typically associated 
with early and severe loss of macular function (Fig. 24.7b, e, 
h), although milder phenotypes also exist (Fig. 24.7c, f, i). 
A comprehensive overview of phenotype–genotype correla-
tions has been published recently [26]. The preserved reti-
nal structure in LCA 1 gives hope to future gene therapeutic 
approaches [27] and was recently confirmed in a natural his-
tory study in preparation of a clinical trial [28].

a

c

b

Fig. 24.6 BBS. Compilation of phenotypes of various Bardet–Biedl 
Syndrome (BBS) types. (a) Fundus photographs in three BBS1 patients 
with the most prevalent sequence variation p.M390R (c.1269T>G) in 
BBS1 in the homozygous state in Patient 1 at 15 years and Patient 2 at 
20 years, as well as sequence variations c.479+4A>G, and a CNV delet-
ing exons 14–17 in Patient 3 at 22 years. Patient 4 represents type BBS2 
at 19 years (sequence variations p.R23P (c.68C>G), p.R275* 
(c.823C>T)), followed by Patient 5 at 12 years with sequence variation 
c.412delCinsTTTAAATTAAGAA (p.R138delinsFKLRS) in BBS5 in 
the homozygous state. The figure continues with Patient 6 at 14 years 
carrying the second most prevalent BBS sequence variation c.271insT 

(p.C91fs*95) in BBS10 in the homozygous state and closes with Patient 
7 at 14 years with sequence variation p.E254* (c.724GG>T) in BBS12 
in the homozygous state and Patient 8 at 10 years the homozygous 
sequence variation c.216+1G>T in BBIP1 (BBS18). (b) Corresponding 
fundus autofluorescence (FAF) images, (a) shows pan-retinal involve-
ment and advanced macular degeneration which is more prominent 
than postulated in a “typical pure ocular retinitis pigmentosa form” of 
inherited retinal degeneration, also in line with an early and severe 
reduction in visual acuity in patients with BBS. (c) SD-OCT recordings 
and FAF images as in (b). Visual acuity (VA) is reported in logMAR
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24.3.3.2  AIPL1 (Aryl Hydrocarbon Receptor 
Interacting Protein-Like 1)

Biallelic AIPL1 mutations cause one of the most severe 
forms of inherited retinal degeneration (IRD). They are 
associated with rapid and extensive photoreceptor degen-
eration challenging the development of potential treat-
ments [29]. Nevertheless, the same authors report that the 
preclinical studies of both gene augmentation and photo-
receptor transplantation show regeneration and restoration 

of retinal function in animal models of AIPL1-associated 
LCA. Figure 24.8a–c confirm the presence of severe retinal 
degeneration in early childhood.

24.3.3.3  TULP1 (Tubby-Like Protein 1)
An increasing number of genes are discussed as candidate 
genes for future therapeutic approaches, including TULP1 
[30]. TULP1 is part of the TULP family. Biallelic TULP1 
mutations are rarely causative of autosomal recessive LCA 
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Fig. 24.7 GUCY2D. Autosomal recessive Leber Congenital 
Amaurosis (LCA) versus autosomal dominant cone-rod degen-
eration (CORD5) all caused by sequence variants in GUCY2D. (a) 
Three patients with autosomal recessive LCA from different biallelic 
sequence variations in GUCY2D at ages from late childhood to early 
adulthood. Patient 1 (9 years, sequence variations p.L176P (c.527T>C), 
p.Y351C (c.1052A>G)), Patient 2 (18 years, sequence change, p.Y922* 
(c.2766C>G) homozygous), Patient 3 (19 years, sequence variations 
c.3027delG (p.E1010Sfs*11) homozygous). Note the unremarkable 
fundus appearance throughout adolescence. (b) Four patients with auto-
somal dominant CORD15 from monoallelic sequence change p.R838C 
(c.2512C>T) in GUCY2D presenting disease development between 
late childhood and late adulthood. Note the increasing degeneration in 
the fovea. Patient 4 (11 years), Patient 5 (24 years, 28 years), Patient 
6 (35 years), Patient 7 (54 years). (c) Patient 8 (18 years, 21 years) 

with autosomal dominant CORD15 from the minor frequent sequence 
change p.R838H (c.2513G>A) in GUCY2D at early adulthood. (d)–(f) 
Fundus autofluorescence (FAF) images corresponding to (a)–(c). (d) 
Minor changes with diminished blocking of FAF in the center. FAF 
signal appears relatively weak, possibly due to nystagmus typically 
present in a.r. GUCY2 disease. (g)–(i) Optical coherence tomography 
(OCT) recordings corresponding to (a)–(c). Patients 1 and 3 with auto-
somal recessive inheritance showed subnormal to normal thickness in 
the layers of the outer and the inner retina. RPE is within normal lim-
its. Patients with autosomal dominant inheritance present with obvious 
degenerative lesions in the macula in line with the FAF images. OCT 
of Patient 5 at 24 years and Patient 7 assessed by a time-domain device 
(Stratus OCT3, Zeiss Meditec). All others are spectral- domain OCT 
(Spectralis, Heidelberg Engineering). Visual acuity (VA) is reported in 
logMAR
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[31], but rather a rare cause of autosomal recessive retinitis 
pigmentosa [32]. The protein is implicated in the mainte-
nance and functioning of neuronal cells during development 
and post-differentiation [33] and affects intra-photoreceptor 
ciliary transport processes like in CEP290 and RPGRIP asso-
ciated retinopathies [31]. Patient 3 in Fig. 24.8 demonstrates 
a case of arRP with advanced pan-retinal degeneration.

24.3.3.4  CRB1 (Crumbs Cell Polarity Complex 
Component 1)

Biallelic mutations in the CRB1 gene are associated with 
variable phenotypes of severe retinal dystrophies, ranging 
from LCA to RP.  Moreover, specific fundus features may 
be present such as preservation of the para-arteriolar retinal 
pigment epithelium (PPRPE) and retinal telangiectasia with 
exudation (“Coats-like vasculopathy”). Analysis of a large 

cohort of >240 patients with CRB1 mutations did not find 
a clear genotype–phenotype correlation, though null muta-
tions tended to be more frequent in the LCA phenotype 
[34]. We emphasized its early disease course [35]. During 
the first decade, we saw some improvement in visual acuity. 
Visual fields were severely reduced early on. Hypomorphic 
missense mutations with the predicted residual function of 
the gene product resulted in a more moderate disease. In the 
severe phenotypes, reduced retinal stratification indicated 
a general loss of structural integrity of the retinal layers. 
Figure 24.9 shows two patients, patient 1 with early-onset 
and severe phenotype, and patient 2 with a somewhat later 
onset. A recent study on 55 patients with RP associated with 
biallelic mutations in CRB1 including 34 individuals from a 
Dutch genetic isolate indicated an eventual therapeutic win-
dow within the first 2–3 decades in the RP phenotype [36].

a b

c

Fig. 24.8 Early-Onset Severe Retinal Dystrophy (EOSRD) AIPL1 and 
TULP1. Compilation of very early-onset retinal dystrophies with severe 
course commonly summarized as Leber congenital amaurosis (LCA). 
The figure depicts phenotypes of patients with sequence changes in 
AIPL1 andTULP1. Sequence changes in these two genes cause a gener-
alized cone-rod dystrophy with severe degeneration of the photorecep-
tor layers from early infancy on. The visual impairment associated with 
nystagmus can also interfere with the photo documentation. (a) Fundus 
photograph in AIPL1 (Patient 1 at 7 years (Sequence change p.W278* 

(c.834G>A) homozygous)) and Patient 2 at 9 years (Sequence change 
p.L17P (c.50T>C) homozygous)), and TULP1 (Patient 3 at 45 years 
(Sequence change c.718+2T>C homozygous)). Abnormal features 
already present in childhood. (b) Corresponding fundus autofluores-
cence (FAF) images in (a). (c) Corresponding SD-OCTs to (a) and (b) 
documenting the severe degeneration of the photoreceptor layers down 
to the RPE in advanced stages. Visual acuity (VA) is reported in 
logMAR
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24.3.3.5  MERTK (MER Tyrosine Kinase) 
Phenotype

MER tyrosine kinase (MERTK) encodes a surface receptor 
localized at the apical membrane of the retinal pigment epi-
thelium RPE.  It plays a critical role in photoreceptor outer 
segment internalization prior to phagocytosis. Macular involve-
ment occurs early, and OCT discloses debris-like changes in 
the outer retina compatible with the disturbed outer segment 

internalization [37]. SD-OCT findings in patients 3 and 4  in 
Fig. 24.9 are compatible with this description. A comprehen-
sive review of all reported MERTK disease- causing variants 
with the associated phenotype was reported in 2018 [38]. 
Recently, rescue of the MERTK phagocytic defect has been 
shown in a human iPSC disease model using translational read-
through inducing drugs [39], eventually leading to an effective 
therapeutic approach for specific MERTK mutations.

a b

c

Fig. 24.9 Early-Onset Severe Retinal Dystrophy (EOSRD) CRB1 and 
MERTK. The figure depicts phenotypes of patients with sequence 
changes in CRB.1 and MERTK. CRB1 is characterized by a broad indi-
vidual spectrum from LCA to juvenile rod-cone dystrophy. MERTK 
causes a generalized cone-rod dystrophy with severe degeneration of 
the photoreceptor layers from early infancy. (a) Fundus photograph in 
CRB1 (Patient 1 at 8 years (Sequence change p.C948Y (c.2843G>A); 
p.K801* (c.2401A>T))) and Patient 2 at 18 years (Sequence change 
c.498_506del (p.I167_G169del), p.H1035L (c.3104A>T))) and 
MERTK (Patient 3 at 14 years (Sequence change p. C115W (c.345C>G); 

c.1530delT (p.C510Wfs*5))) and Patient 4 at 14 years (Sequence 
change c.1744_1751del insT (p.I582*) homozygous)). (b) 
Corresponding fundus autofluorescence (FAF) images to (a). Patient 1 
with early-onset disease presents with the pigmented paravenous cho-
rioretinal atrophy with increased FAF, while patient 2, a case of rod- 
cone dystrophy shows the characteristic para-macular circle of 
increased FAF. (c) Corresponding SD-OCTs to (a) and (b) document-
ing the severe degeneration of the photoreceptor layers down to the 
RPE in advanced stages. Visual acuity (VA) is reported in logMAR
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24.3.3.6  RDH12 (Retinol Dehydrogenase 12) 
Associated Retinal Degeneration

RDH12 is expressed in the inner segments of the photore-
ceptors. It functions as part of the visual cycle. Mutations 
in RDH12 have been linked to Leber congenital amaurosis 
(LCA) and autosomal dominant RP.  A number of in-vitro 
studies have shown that mutations in RDH12 result in lit-
tle or no enzyme activity. Knockout mouse models how-
ever do not recapitulate the severe phenotype observed in 

patients, resulting in a limited understanding of the disease 
mechanisms [40]. A recent paper describes the natural his-
tory including some genotype–phenotype correlations in 
RDH12- Associated Retinal Degeneration [41]. Typical early 
macular involvement evident on funduscopy results in early 
severely reduced visual acuity. Some rare mutations may be 
associated with better visual functions throughout adulthood. 
Therapeutic intervention, which is not yet available, would 
best work in early childhood. Patients 1–3 in Fig. 24.10 illus-
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c

Fig. 24.10 Early-Onset Severe 
Retinal Dystrophy (EOSRD) 
RDH12 and RPGRIP. The figure 
depicts phenotypes of patients 
with sequence changes in RDH12 
and RPGRIP. Mutations in both 
genes cause a generalized 
cone-rod dystrophy with severe 
degeneration of the photoreceptor 
layers from early infancy. (a) 
Fundus photographs in RDH12 
(Patient 1 at 5 years (Sequence 
change p.G127* (c.379G>T) 
homozygous)), Patient 2 at 7 
years (Sequence change 
c.546delG (c.-44C>A, p.
I183Ffs*95)), and Patient 3 at 13 
years (Sequence change p.T155I 
(c.464C>T); c.806delCCCTG 
(p.A269Gfs*2)) and RPGRIP 
(Patient 4 at 11 years (Sequence 
change p.R890* (c.2668C>T); 
c.2532delC (p.Y846Tfs*12)) and 
Patient 5 at 18 years (Sequence 
change p.R814* (c.2440C>T) 
homozygous)). The RDH12 
phenotype is associated with 
early funduscopic visible changes 
while the RPGRIP phenotype is 
not very revealing. (b) 
Corresponding fundus 
autofluorescence (FAF) images to 
(a). Patients 1–3 with sequence 
changes in RDH12 develop an 
increase of parapapillary FAF. In 
line with the funduscopic 
appearance, FAF shows much 
more changes in RDH12 
compared to RPGRIP. (c) 
Corresponding SD-OCTs to (a) 
and (b) documenting the severe 
degeneration of the photoreceptor 
layers down to the RPE in 
advanced stages. Visual acuity 
(VA) is reported in logMAR
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trate the early and severe retinal degeneration including the 
macula. Interestingly, the peripapillary retina appears rela-
tively well preserved.

24.3.3.7  RPGRIP (Retinitis Pigmentosa GTPase 
Interacting Protein 1)

RPGRIP1 interacts with RPGR, the latter is encoded by the 
major X-linked RP (XLRP) gene, as it accounts for 70–80% 
of the XLRP patients and up to 13% of all RP patients. Both 
proteins co-localize to the photoreceptor connecting cilium 
and RPGRIP1 appears to be a structural component of the 
ciliary axoneme of the connecting cilium (which connects the 
inner to the outer segment of the photoreceptors) of both rods 
and cones and functions to anchor RPGR within the cilium 
[42–44]. Biallelic mutations have been shown to be associ-
ated with a severe rod and cone degeneration of the LCA 
type. Patients 4 and 5 in Fig. 24.10 illustrate the  phenotype 
in the second decade of life. Different from RDH12 sequence 
variations, the retinal structures particularly in the center are 
much better preserved but without the physiological foveal 
depression.

24.3.3.8  RPE65 Phenotype (RPE65 Mutation- 
Associated IRD)

Biallelic mutations in RPE65 give rise to a spectrum of reti-
nal diseases ranging from LCA to EOSRD, and to juvenile 
RP, now called RPE65 mutation-associated IRD. RPE65 
codes for an isomerase in the RPE essential for retinol recy-
cling [45, 46]. Some mutations have residual enzyme activ-
ity, the protein encoded by RPE65, which displays a much 
later phenotype, i.e., rod-cone-dystrophy (RCD) with juve-
nile onset [47]. In addition to severe or complete night blind-
ness due to the enzymatic defect, lack of FAF in early years 
when the retina can look quite inconspicuous is a hallmark 
of the disease [48]. A recent multicenter cross-sectional 
natural history study describes phenotypic variability and 
clinical course in 70 patients [49]. Figure  24.11 shows a 
typical longitudinal course for patient 1 with a severe phe-
notype, and a milder phenotype for patient 2. Both patients 
experienced severe night blindness from infancy onward. 
FAF demonstrates the hallmark sign of lack of FAF. OCT 
shows some preservation of viable photoreceptor cells in 
patient 1, and very mild changes in patient 2. Knowledge 
of the natural history is of interest as the successful phase 
3 study with the subretinal gene addition therapy [50] is 
now approved by the FDA, EMA, and other authorities, i.e., 
voretigene neparvovec- rzyl Luxturna®, is available in many 
countries (https://en.wikipedia.org/wiki/Voretigene_nepar-
vovec; https://luxturna.com). The results are promising as 
the majority of patients experience a significant increase in 
vision at reduced light levels [50].

An even rarer entity is the autosomal dominant RPE65- 
associated disease due to monoallelic mutations. The age of 

onset is much later. The RPE atrophy is severe and may also 
involve the center or may resemble choroideremia with pre-
served central RPE islands [51, 52].

24.3.4  Childhood Onset Retinal Dystrophies

Mutations in genes discussed in the following chapter usu-
ally have a somewhat later onset than EOSRD.

24.3.4.1  ABCA4 (ATP-Binding Cassette, 
Subfamily A, Member 4)

ABCA4 is a member of the superfamily of ATP-binding 
cassette (ABC) proteins that transports N-retinylidene- 
phosphatidylethanolamine (N-Ret-PE) across outer seg-
ment disc membranes thereby facilitating the removal of 
potentially toxic retinoid compounds from photoreceptor 
cells [53]. Biallelic mutations in ABCA4 are associated 
with Stargardt disease, the most frequent juvenile macular 
 dystrophy. The phenotypes range from early-onset STGD1, 
which clinically resembles severe cone-rod dystrophy, to 
intermediate STGD1 and late-onset STGD1. These dif-
ferent phenotypes can be correlated with different combi-
nations of ABCA4 variants that were classified according 
to their degree of functional loss as described in a recent 
review [54]. The authors also report that with expert clini-
cal examination to distinguish STGD1 cases from other 
maculopathies, as well as in-depth genomics and tran-
scriptomics data, it is now possible to identify both mutant 
ABCA4 alleles in >95% of cases. Due to the high preva-
lence of ABCA4 disease alleles in the population, different 
mutant alleles may be found in siblings and other relatives, 
possibly giving rise to intrafamilial phenotypic variability 
[55]. At a young age, patients may be misdiagnosed with 
amblyopia, myopia, optic disk pathology, mental health 
problems, tension headache, retrobulbar optic neuritis, and 
uveitis [56]. Figure  24.12 shows the spectrum of pheno-
types in seven young patients including the natural course 
in siblings who were in the early disease course with vari-
able disease severity. There were subtle abnormalities, such 
as lipofuscin accumulation seen in FAF, and that precede 
the ophthalmoscopic findings. On SD-OCT, a thickened 
external limiting membrane may indicate the beginning of 
the disease. To recognize such early signs becomes increas-
ingly important in view of the development of gene-based 
therapeutic approaches as the therapeutic window is short 
with respect to the salvage of the macula, i.e., visual acu-
ity. No gene replacement therapy is available to date due to 
the large size of ABCA4, which precludes the use of AAV 
vectors like in RPE65-associated IRDs. The specific chal-
lenges and problems are discussed in a published review 
[57]. Alternative approaches were also investigated [58]. 
Yet, no clinical treatment is available to date.
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24.3.4.2  XLRP (RP3)-RPGR (Retinitis 
Pigmentosa GTPase Regulator)

The gene RPGR was cloned in 1996 [59]. Hemizygous muta-
tions lead to a form of X-linked RP (RP3), with early central 
involvement and fast progression to legal blindness in the 
third to fourth decade. RPGR associated RP accounts for 
10–20% of all RP cases. About 70% of mutations are located 
in ORF15 [60]. Most patients show a rod-cone degeneration, 
but cone-rod degeneration is also seen depending on muta-
tion location. FAF shows a characteristic ring of increased 
fluorescence that can be quantified and used to document 
progression [61]. Carriers show fundus abnormalities in a 
high percentage of cases in addition to ERG changes. The 
radial pattern nicely seen on FAF is attributed to random 

X-inactivation [62]. Inactivation of the normal gene in the 
majority of photoreceptors in carriers can lead to function-
ally relevant retinal changes and mimic autosomal dominant 
RP [63]. However, clinical signs typically appear later in 
female carriers compared to male patients. A recent paper 
reviewed the present knowledge and described the actual 
gene therapeutic approach in a clinical trial through codon 
optimization [64]. Figure 24.13 shows the central involve-
ment already in children best seen on FAF and OCT.

24.3.4.3  Choroideremia
Choroideremia is an X-linked chorioretinal degeneration 
caused by mutations in the CHM gene which encodes Rab 
escort protein 1 (REP1), a ubiquitously expressed protein 
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Fig. 24.11 RPE65. Natural course of Patient 1 with sequence changes 
in RPE65 (c.11+5g>a; [p.T457N (c.1370C>A); c.1067delA (p.
N356Mfs*17]). (a) Fundus photographs at 9 years, 12 years, 15 years, 
19 years, and 28 years showing the progress of peripheral lesions 
toward the confluent chorioretinal degeneration. The macula is hypo-
plastic but the changes cannot be visualized throughout the observa-
tional period. (b) Corresponding fundus autofluorescence (FAF) images 
to (a). The strongly reduced FAF due to impaired supply of 11-cis reti-
nol to the photoreceptors. (c) Optical Coherence Tomography (OCT) 
from the age of 16 years starting with time-domain (TD-OCT) followed 
by Spectral-domain (SD-OCT) recordings at 19 years and 28 years. The 
improvement of imaging techniques provided a major benefit for the 
documentation of the disease in these patients. The hypoplastic macula 

is obvious, as well as the clear reduction of the photoreceptor layer, and 
in particular the abnormal structure of the outer segments. The photore-
ceptor layers appear preserved in the fovea as an indicator of viability 
and hence treatable photoreceptor cells. (d) Age matched patient 2 at 9 
years with two hypomorphic sequence changes (p.I115T (c.344T>C) 
and p.V443A (c.1328T>C)) in RPE65 and almost unremarkable 
changes in fundus photograph, FAF and SD-OCT are presented in the 
white square to document the allelic heterogeneity of RPE65 sequences 
changes causing a spectrum of expression. In this patient, outer and 
inner segment layers and photoreceptor layer appear relatively well pre-
served together with an identifiable RPE layer. The visual acuity in this 
patient is well preserved. Visual acuity (VA) is reported in logMAR
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involved in intracellular trafficking and prenylation activity 
[65]. In early stages, it may be confounded with X-linked 
RP. However, the chorioretinal atrophies differ from what is 
seen in RP. FAF shows a very characteristic pattern  depending 
on progression [66]. Late in the disease, only a small island of 
central FAF from preserved RPE is present correlating with 
visual acuity and visual field as well as with OCT data. Several 
reviews have been published recently including detailed natu-
ral course studies [67–69] that are important in view of clinical 

trials with gene addition therapy, and reporting eventual bene-
ficial effects such as preservation of visual acuity and slowing 
of visual field loss in a phase I/II study [70, 71]. Figure 24.14 
shows a compilation of imaging data in young patients and 
in two older female carriers. Similar to RP3, CHM lyoniza-
tion can also cause some pathologies in the fundus, and often 
asymptomatic. FAF differs from FAF in carriers for RPGR as 
it shows a stars-in-the-sky pattern, and not the radial pattern 
seen in carriers for RP3 (compare Fig. 24.13).

a
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Fig. 24.12 ABCA4. (a) Fundus appearance of five age matched 
patients with different biallelic sequence variations in ABCA4 present-
ing with the spectrum of phenotypes from fundus flavimaculatus 
(Patient 1, 6 years, sequence variations [p.L541P (c.1622T>C); p.
A1038V (c.3113C>T)]; p.N1868I (c.5603A>T)) to typical juvenile 
macular Stargardt degeneration (Patient 2, 7 years, sequence variations 
c.768G>T; [p.L541P (c.1622T>C), p.A1038V (c.3113C>T)]; p.
G1961E (c.5882G>A), c.5018+2T>A)) and wide-spread cone-rod 
degeneration (Patient 3, 9 years, changes Exon 1del, p.G65E 
(c.194G>A)). There was generalized cone-rod degeneration mimicking 
retinitis pigmentosa (although atypically with early loss of visual acu-
ity) in a progressive fashion (Patient 4, 12 years, p.W41* (c.122G>A), 

[p.H1125L (c.3374A>T); p.Q1126L (c.3375AA>TT)] and Patient 5, 13 
years, sequence variations p.F56V (c. 166T>G), [p.L541P (c.1622T>C), 
p.A1038V (c.3113C>T)]). (b) Corresponding fundus autofluorescence 
(FAF) images to (a). (c) Corresponding SD-OCT recordings to (a) pre-
senting absence of outer segments in the macula and perimacular area 
even in early stages. Intrafamilial variability between siblings at 
matched ages. (d) Fundus appearance in Patient 6 vs. Patient 7 
(sequence variations [p.L541P (c.1622T>C); p.A1038V (c.3113C>T)]; 
p.Q1412* (c.4234C>T)). (e) Increasing fluorescent spots in the retinal 
periphery in FAF (d). At more advanced stages, the phenotypes become 
almost similar. (f) Corresponding SD-OCTs illustrating macular photo-
receptor degeneration. Visual acuity (VA) is reported in logMAR
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Fig. 24.13 X-linked Retinitis pigmentosa from RPGR. Characteristic 
phenotypes of mutant RPGR-gene in male patients and female carriers. 
(a) Pedigree of a family segregating sequence variant c.484_468delTTT 
(p.F162del) in RPGR. (b) Fundus photographs of Patient 1 at 47 years 
and 49 years, his daughter is carrier 1 at 6 years, and carrier 2 at 11 
years, and his sister is carrier 3 at 58 years from pedigree in (a). Please 
note the bone spicules in the periphery and the progressed degeneration 
in the central retina of Patient 1 and severe changes in the macula which 
are common in X-linked RP. His sister presented as an affected carrier 
with advanced retinal degeneration. His daughters who are obligatory 
carriers, although still young already presented with subtle degenerative 
lesions in the retinal periphery. Three additional patients, independent 
from the family in (a) presented with common fundus appearance of 
male patients at childhood and adolescence. Patient 2 at 10 years 
(Sequence variant p.R449* (c.1345C>T)) was at the beginning of the 
disease. Patient 3 at 11 years (Sequence variant c.2363_2364delAG 
(p.E788Gfs*46)) was at a comparable stage. Both showed the begin-
ning of degenerative changes in the periphery, but also already in the 
perimacular area. Patient 4 at 14 years (Sequence variant p.E778* 
(c.2332G>T)) was much more advanced in his disease. He already 
developed bone spicules in the retinal periphery and more advance 
degenerative changes in the macula. (c) FAF images corresponding to 
the fundus photographs in (b). The young Patients 2 and 3 presented 

with the characteristic circular increase of FAF surrounding the macula 
that is well known from rod-cone dystrophies. In Patient 4, in addition 
to the ring, the periphery showed already significantly reduced FAF 
indicating loss of RPE and the overlying photoreceptors. In the 
advanced state of patient 1, severely reduced FAF indicates large areas 
of RPE degeneration together with photoreceptor loss. These areas fur-
ther enlarged within the 2 years of follow-up even though the disease 
was already in an advanced state. Already in young carriers (carriers 1 
and 2), FAF may form a characteristic centrifugal pattern of increased 
and decreased FAF due to lyonization along the development lines of 
retinal cell division. In their aunt, the degeneration already led to areas 
of obvious RPE loss as a severe form of carrier phenotype in RP3. Of 
note, a normal fundus appearance including normal FAF does not 
exclude a carrier state. In this case, almost all chromosomes with the 
mutated gene have been inactivated. (d) Corresponding SD-OCT 
recordings to (a) and (b). Patient 1 and carrier 3 have clear loss of RPE 
and photoreceptor layers along with reduced FAF while the younger 
patients have photoreceptor layer loss only in the periphery, and only 
more subtle changes in the macula itself with structural changes mainly 
in the outer segments. The young carriers do no present with obvious 
changes in the retinal layers even though their FAF is highly indicative 
of degenerative effects throughout the retina. Visual acuity (VA) is 
reported in logMAR
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24.3.5  Bestrophinopathies

Mutations in bestrophin-1 (BEST1 gene) cause autosomal 
dominant Best vitelliform macular dystrophy (VMD2, [72]), 
the second frequent macular dystrophy with childhood onset. 
Since then, other diseases have been associated with muta-
tions in the same gene, now summarized as bestrophinopa-
thies, i.e., autosomal dominant vitreoretinochoroidopathy 
ADVIRC, and autosomal recessive bestrophinopathy (for a 
review see [73]). Mutations in the gene affect anion trans-
port through the plasma membrane of the RPE.  Recently, 
Nachtigal et al. described mutation-dependent mechanisms 
that determine the phenotypes of bestrophinopathies [74]. 
The authors described five classes and proposed an expla-
nation of why heterozygous mutation carriers in autosomal 
recessive bestrophinopathy (ARB) do not show any disease 
signs compared to heterozygous mutation carriers in autoso-
mal dominant Best disease and in ADVIRC. These findings 
may allow the development of efficient therapies for the dif-
ferent forms of bestrophinopathies.

24.3.5.1  Vitelliform Macular Dystrophy (Best 
Disease, VMD2)

Autosomal dominant Best disease (VMD2) is character-
ized by highly variable expressivity and variable penetrance. 
Typically, the normal light rise is absent in the electroocu-
logram, and was the only way to identify mutation carriers 
before molecular testing of the gene became available. The 
disease typically progresses through five stages but not all 
patients show full progression. The vitelliform stage has 
been observed already in infancy. Visual acuity only declines 
when the vitelliform stage progresses to the pseudohypo-
pyon and vitelliruptive stage. In the cicatricial stage, subreti-
nal neovascularization may develop and require treatment. 
Figure 24.15 shows the five stages as seen by funduscopy, 
FAF, and OCT.

24.3.5.2  Autosomal Recessive 
Bestrophinopathy

Autosomal recessive bestrophinopathy has been described 
first in 2008 [75].

b c
a
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Fig. 24.14 CHM. Phenotypical spectrum of male patients and female 
carriers in choroideremia (CHM). (a) Pedigree of a family segregating 
the common sequence variation p.R270* (c.808C>T) in the Rab escort 
protein 1 gene (CHM) showing a typical X-linked inheritance pattern. 
(b) Fundus photographs of patient 1 at 10 years and Patient 2 (1984.03) 
at 17 years from pedigree in (a) and carrier 1 at 42 years and carrier 2 at 
45 years. In addition, Patient 3 at 23 years (Sequence variation p.R267* 
(c.799C>T)) exemplifies a more advanced phenotype in early adult-
hood. Note the large areas of RPE destruction with choroid shining 
through the RPE in the males. The carriers present with small localized 
areas of RPE degeneration due to the lyonization mosaic in both photo-
receptors and RPE. (c) The degeneration of the RPE is much more obvi-
ous in the males demonstrated by the absence of fundus autofluorescence 
(FAF) in the periphery and the remaining FAF in the area of residual 

function of the retina. Note the preserved and eventually increased FAF 
in the posterior pole in patient 2 associated with the highest density of 
rods peripheral to this area. The female carriers present with a spotty 
pattern of reduced FAF according to a mosaic of degenerated RPE cells 
from random inactivation of the unaffected copy of the CHM-gene. 
Comparing the carrier findings in the RPGR phenotype shown in 
Fig.  24.13 which is very different from the CHM carrier phenotype. 
Please note that also in CHM, a normal fundus appearance does not 
exclude the carrier state. (d) SD-OCT recordings corresponding to (b) 
and (c). Note the loss of photoreceptor and RPE layers which spares the 
fovea and covers the area of decreased FAF. In the very young patient 
aged 10 years, the OCT appears normal. Visual acuity (VA) is reported 
in logMAR
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Biallelic mutations in BEST1 are associated with a distinct 
retinopathy characterized by central visual loss, an absent 
EOG light-rise, and a reduced EOG. Yellowish blunt retinal 
deposits may be confused with an inflammatory uveitis- like 
condition, but FAF reveals them to be hyperfluorescent. An 
example is shown by patient 1 in Fig. 24.16.

24.3.5.3  VRCP (ADVIRC, 
Vitreoretinochoroidopathy, 
Autosomal Dominant)

In 2004, Yardley et  al. reported [76] heterozygous muta-
tions of BEST1 splicing regulators causing nanophthal-
mos and autosomal dominant vitreoretinochoroidopathy 
(VRCP, ADVIRC). This was confirmed in 2008 by another 

group [75]. The consequences of this very special mutation 
type have been investigated and explained recently [74, 
77]. Typical retinal findings over a follow-up of 3 years 
are shown in Fig. 24.16 and confirm progression described 
by others.

24.3.6  The Achromatopsias

Achromatopsias are autosomal recessive cone dysfunction 
disorders characterized by profound color vision deficiency 
and significant aversion to light. Visual acuity is usually 
reduced to logMAR 1, and cut-on filter glasses are usually 
very helpful.

a b c

Fig. 24.15 Best disease. Comparison of phenotypes associated with 
sequence variations in the BEST1-gene (OMIM #607854). For all 
stages, the electrooculogram is pathognomonic with absent light rise of 
the signal. (a) Fundus photographs presenting the stages of autosomal 
dominant juvenile vitelliform macular dystrophy (VMD2, Best disease, 
OMIM #153700). Carriers of BEST1 sequence variations may not 
develop morphological changes and remain in the pre-vitelliform state 
according to Gass et al. as Patient 1 at 45 years (sequence variation p.
R25W (c.73C>T)). The pre-vitelliform stage is followed by the vitelli-
form stage as represented by the right eye of Patient 2 at 14 years 
(sequence variation p.Q96R (c.287A>G)) and Patient 3 at 4 years 
(sequence variation p.T2S (c.5C>G)). A prominent vitelliform lesion 
that expands to finally cover the macular area completely characterizes 
the vitelliform stage. The vitelliform stage usually persists for a long 
period of time before it starts progressing into the pseudohypopyon (left 
eye of Patient 2) and the vitelliruptive stage (left eye of Patient 3). 
Patients 2 and 3 present bilateral affection with independent progres-

sion in the contralateral eye as one frequent feature of VMD2. The dis-
ease finally develops from the vitelliruptive stage like in Patient 4 at 64 
years (sequence variation [p.T536W (c.1696T>C); p.W24C (c.72G>C)] 
monoallelic) to the fibrotic stage in Patient 5 at 46 years (sequence 
variation p.W24C (c.72G>T)). (b) Corresponding fundus autofluores-
cent (FAF) images, (a). Note the characteristically increased macular 
FAF in the vitelliform stage in Patients 2 and 3 and how it progress into 
the vitelliruptive stage. (c) Corresponding SD-OCT recordings to (a) 
and (b). The vitelliform stage is characterized by a dome shape detach-
ment of the neuroretina from the RPE corresponding to the area of 
increased FAF.  In this stage, the photoreceptor layer is still present. 
With advanced loss of the RPE, the photoreceptor layers also degener-
ate and progress from the pseudohypopyon stage to the vitelliruptive 
stage and fibrotic stage. The latter is characterized by a fibrotic scar in 
the macular area at the level of the RPE and photoreceptor layers. 
Visual acuity (VA) is reported in logMAR
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24.3.6.1  Achromatopsia
To date, six genes have been associated with achromatopsia 
[78–82]. Although some progression has been reported, most 
patients with autosomal recessive achromatopsia have a rela-
tively stable course. Nevertheless, achromatopsia is another 
disease where gene therapy has been started for two of the six 
genes identified so far. Recently, it was reported that an addi-
tional heterozygous mutation in CNGA3 may alter the course 
of CNGB3-associated achromatopsia with biallelic mutations, 

giving rise to a more severe and more progressive phenotype 
[83]. Usually, OCT changes are mild and may show some 
minor defects of outer photoreceptor segments in the fovea. 
In the ATF6 phenotype, the absence of OS is pathognomonic 
[82]. Semiquantitative FAF and Near- Infrared FAF may show 
typical patterns in some genes [84]. Figure 24.17 summarizes 
phenotypes for the more frequent genes CNGA3, CNGB3, 
GNAT, and PED6C. Gene augmentation therapy was suc-
cessful in a naturally occurring sheep model with mutations 

a

a b

c

Fig. 24.16 Bestrophinopathies. Comparison of unusual phenotypes 
associated with sequence variations in the BEST1-gene (OMIM 
#607854). (a) Fundus photographs presenting autosomal recessive 
bestrophinopathy ARB as a pan-retinal degeneration. The characteristic 
distribution of ARB lesions throughout the retina is shown in patient 1 
at 5 years (Sequence variation c.779delC (p.P260Qfs*29); p.L294F 
(c.880C>T)). Note the characteristic yellowish lesion outside the mac-
ula and in the periphery. A further phenotypic variation is autosomal 
dominant vitreochoroidal retinopathy VCRP (also called ADVIRC= 
autosomal dominant vitreoretinochoroidopathy ADVIRC). Patient 2 is 
shown at 30 years and 33 years (Sequence variation c.724+44c>t). 
Disease progression in the periphery can be seen on funduscopy (but 

best on FAF). (b) Corresponding FAF images to A are presented. The 
yellowish peripheral lesions in ARB seen on funduscopy present with 
increased FAF while VCRP is characterized by loss of FAF with pro-
gression. (c) Corresponding SD-OCT recordings to (a) and (b). Even 
though the macular lesion in ARB is not prominent in the fundus pho-
tographs and FAF images, SD-OCT reveals a corresponding detach-
ment of the neuroretina in the macula accompanied by cystic spaces 
also in the inner nuclear layer. In VCRP, the RPE and the photoreceptor 
layer grossly degenerate in confluent spots in the periphery and toward 
the center. FAF is helpful in following this progression as shown in this 
figure. Visual acuity (VA) is reported in logMAR
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in CNGA3 [85]. The paper on the first gene augmentation trial 
for CNGA3 conducted in Germany reported no major compli-
cations and some subjective improvement [86].

24.3.6.2  KCNV2 (Potassium Channel, Voltage- 
Gated, Subfamily V, Member 2)

Early in childhood, the KCNV2 phenotype maybe con-
founded with achromatopsia. Mutations in KCNV2 cause 

a form of cone dystrophy with a very specific form of rod 
ERG, i.e., supernormal rod electroretinogram (CDSRR) 
[87]. The gene product is expressed in the outer retina as part 
of a tetrameric potassium channel controlling potassium flow 
in the photoreceptors [88]. The most  obvious clinical feature 
in KCNV2 mutations is the supranormal a-wave amplitude 
and increased latency of the scotopic ERG responses. Since 
cone responses are quick and depending on potassium clear-
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Fig. 24.17 ACHM: Phenotype of patients affected with achromatopsia 
(ACHM) caused by sequence variations in the four major ACHM genes. 
Fundus appearance in most cases is normal. FAF may show minor 
changes related to changes in outer segments. (a) Fundus photographs 
of two patients with sequence variations in CNGA3 at 3 years (Patient 
1, sequence variations p.R223Q (c.668G>A), p.R436W (c.1306C>T)), 
at 8 years, and 13 years (Patient 2 sequence variations p.F547L 
(c.1641C>A), p.T565M (c.1694C>T)). (b) Corresponding fundus auto-
fluorescence (FAF) images to (a). (c) Corresponding SD-OCT record-
ings to (a). (d) Series of fundus photographs of patients carrying the 
homozygous CNGB3 sequence variation c.1148delC (p.T383Ifs*13). 
The age of the patients is matched to (a) with Patient 3 at 2 years, 
Patient 4 at 8 years, and Patient 5 at 12 years. (e) Corresponding FAF 
images to (d). (f) Corresponding SD-OCT recordings to (d). (g) In 

addition Patient 6 at 20 years (Sequence change c.1148delC (p.
T383Ifs*13), c.896_903+3delinsT) and Patient 7 at 33 years (Sequence 
change c.1148delC (p.T383Ifs*13) homozygous) presented with an 
advanced degeneration in the fovea that may occur in several patients 
contrary to the notion that ACHM from CNGB3 sequence changes is 
stationary and not degenerative. (h) Fundus photographs, (i) corre-
sponding FAF images, and (j) SD-OCT recordings in Patient 8 at 20 
years and 25 years with sequence variations (p.R208T (c.623G>C); 
c.720+2t>c) in GNAT2. (k) Fundus photographs, (l) FAF images, and 
(m) TD-OCT (at 8 years) resp. SD-OCT (at 17 years) recordings in 
Patient 9 with a homozygous sequence change c.2449delG (p.
R817Mfs*7) in PDE6C. Note the foveal degeneration is visible on fun-
dus photograph, FAF, and SD-OCT in this patient. Visual acuity (VA) is 
reported in logMAR
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ing, the cone responses are severely reduced. Patients with 
KCNV2 mutations present with a progressive cone degenera-
tion in contrast to most achromatopsia patients as shown in 
Fig. 24.18.

24.3.7  X-Linked Retinoschisis

Juvenile X-linked retinoschisis is a juvenile progressive cone 
degeneration caused by mutations in RS1 coding for the 

secreted protein retinoschisin in the synaptic space between 
photoreceptors and bipolar cells [90]. Retinoschisin connects 
photoreceptors and bipolar cells. Mutations in RS1 lead to 
detachment of photoreceptors from bipolar cells thus leading 
to a schisis in the outer plexiform layer with large cavities in 
the inner nuclear layer (Fig. 24.19). The detachment blocks 
the transmission of the nerve impulse thus creating a charac-
teristic electrophysiological response known as the “negative 
ERG” which exemplifies the inability of the bipolar cells to 
create the b-wave without excitation from the photoreceptors 

a b
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Fig. 24.18 KCNV2. Phenotype of patients affected with biallelic 
KCNV2 mutations. Early on this phenotype may be confounded with 
achromatopsia. The characteristic test is the full-field ERG which 
shows typical changes in the b-wave (see [89]). (a) Fundus photographs 
of two patients with sequence variations in KCNV2 at 8 years (Patient 
1, sequence variations p.R223Q (c.668G>A), p.R436W (c.1306C>T)), 
and 12 years. Patient 2 (Sequence variations p.K260* (c.778A>T); 

c.1016_1024delACCTGGTGG (p.D339_V341del)) is shown at 30 
years and 36 years. The fundus appearance is inconspicuous. (b) 
Corresponding fundus autofluorescence (FAF) images. Subtle changes 
in the center. (c) Corresponding SD-OCT recordings. The outer nuclear 
layer is thin, particularly in the center. In the younger patient, the ISE 
appears irregular; in the older patient, the ISE is missing in the center. 
Visual acuity (VA) is reported in logMAR
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Fig. 24.19 XLRS. (a) and (e) Compilation of fundus photographs from 
patients with X-linked juvenile retinoschisis at various ages. Patient 1 
(6 years, sequence variations p.R209H (c.626G>A)), Patient 2 (11 
years, p.C142W (c.426T>G)), Patient 3 (13 years, p.R200C 
(c.598C>T)), Patient 4 (18 years, p.W163G (c.487T>G)), Patient 5 (23 
years, p.R102W (c.304C>T)), Patient 4 shows peripheral retinoschisis. 
Patient 6 shows peripheral schisis with additional retinal detachment 
post-surgery at age 7 years (mutation p.P193L (c.578C>T)). The fellow 
eye had a complete retinal detachment. For an overview of the clinical 
spectrum, see Pimenides et  al. [91], and Bowles et  al. [92]. (b) 
Compilation of corresponding fundus autofluorescence images (FAF) 
from patients in (a). In some patients, the spoke-like appearance of the 

macula is evident just like on funduscopy. Patients with XLRS are usu-
ally extremely photophobic during fundus examination, which in the 
past led to undiagnosed patients by ophthalmoscopy. Nowadays OCT is 
an easy and very revealing test. As it uses infrared light, patient compli-
ance is much better than with funduscopy. (c) Corresponding infrared 
(IR) image and red-free (RF) image of Patient 5, right eye from (a) and 
(b). (d) Corresponding SD-OCT recordings from the right eye of 
Patient 1 and Patient 5. Note the characteristic schisis in the INL and the 
beginning schisis in the ONL in Patient 5. At later ages, the schisis may 
disappear and the disease confounded with age-related macular degen-
eration. Visual acuity (VA) is reported in logMAR

24 Inherited Retinal Degenerations in the Pediatric Population



206

[93]. The phenotype can be very variable with some geno-
type–phenotype correlation [91, 92, 94]. Infantile presenta-
tion may be severe [95, 96].

Different from other X-linked degenerations, female car-
riers do not show any symptoms or signs.

A recent phase I/II AAV-mediated intravitreal gene ther-
apy approach [97] led to short time closure of the schisis but 
had no long-term effect either on morphology or on function. 
The same group reported interocular symmetry and stability 
over time of visual acuity and ERG which would allow to use 
the fellow eye as a control in gene therapy studies [98]. The 
attempt to control the schisis with carbonic anhydrase inhibi-
tors is successful at short application and therefore an option 
to prepare the patient for gene therapy [99]. Unfortunately, 
the effect is lost on long-term application preventing car-
bonic anhydrase inhibitors from being a suitable drug-based 
treatment option [100].

24.3.8  Summary

Genetic ophthalmology and particularly retinal pediatric 
ophthalmogenetics are constantly evolving. New methods 
such as NGS (new generation sequencing) have revolution-
ized molecular genetic research and diagnostics. Tests have 
become much more affordable and give a higher yield of 
genetically solved cases (e.g., [101]). An excellent overview 
by Drack et al. summarizes currently available tests, the role 
of the pediatric ophthalmologist and the retinal specialist in 
identifying patients amenable to testing, the importance of 
genetic testing for counseling families and patients, recruit-
ing patients suitable for clinical trials, detecting patients for 
whom treatment is already available, and actual limitations 
of genetic testing [102]. Widely available databases allow 
the clinician to stay updated and to check the most recent 
advancements when a new patient presents.
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Familial Exudative Vitreoretinopathy
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Abstract

Familial exudative vitreoretinopathy (FEVR) is a heredi-
tary retinal vascular anomaly characterized by incomplete 
peripheral retinal vascularization during development. 
The vascular abnormalities exhibit varying degrees of 
severity: from minor changes in peripheral retinal vessels 
to severe retinal detachments leading to blindness. FEVR 
has been shown to have autosomal dominant, autosomal 
recessive, and X-linked recessive inheritance patterns, 
with numerous genes implicated in the condition. Wide- 
field fluorescein angiography is essential for early detec-
tion, diagnosis, and management. Laser photocoagulation 
is used to treat sequelae from the avascular retina, and 
retinal detachments are managed with vitreoretinal sur-
gery. Visual prognosis depends on the severity of the dis-
ease, and lifelong follow-up is recommended.
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25.1  Introduction and Epidemiology

Familial exudative vitreoretinopathy (FEVR) was first 
described by Criswick and Schepens in 1969 as an inherited 
condition that appeared similar to retinopathy of prematurity 
(ROP), but occurring in patients without prematurity or oxy-
gen supplementation, and the disease continued to progress 
several years after birth. Clinical features included vitreous 
membranes, retinal traction, temporal dragging of the mac-
ula, subretinal and intraretinal exudates in the periphery, and 
peripheral neovascularization [1].

The phenotype in FEVR tends to be asymmetric between 
eyes, and variable penetrance and expressivity is seen within 
the same family. Vascular abnormalities vary in severity: from 
asymptomatic peripheral vascular changes to poor vision from 
severe retinal detachments [2]. FEVR is associated with sig-
nificant visual impairment [3]. The prevalence of FEVR is 
unknown due to its rarity, but studies have shown that between 
58 and 90% of individuals with FEVR may be asymptomatic 
[4, 5], so it is likely an under-diagnosed condition.

FEVR can be differentiated from other pediatric retinal 
vascular diseases, such as ROP and persistent fetal vascula-
ture (PFV), by performing a complete ophthalmic examina-
tion together with wide-field fluorescein angiography. The 
retinal abnormalities of FEVR can progress over time with-
out treatment, resulting in diagnostic and treatment chal-
lenges. Identification of asymptomatic family members can 
aid in diagnosis as well as genetic counseling. Continued 
follow-up and examinations with retina specialists are essen-
tial for patients, since FEVR is a lifelong condition that can 
reactivate at any age (although young children are usually 
burdened with the most progressive disease).

25.2  Pathophysiology

FEVR is an inherited disorder characterized by abnormal 
peripheral avascular retina due to dysfunction in retinal 
angiogenesis. The incomplete development of retinal vascu-
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lature causes retinal ischemia that induces neovasculariza-
tion and other sight-threatening complications, such as 
vitreoretinal traction, retinal falciform folds, macular trac-
tion, retinal exudates, and retinal detachments. Studies have 
suggested that abnormal membranes originating from abnor-
mal vitreous are formed, causing traction in the form of hya-
loidal contraction [6].

FEVR is most commonly inherited in an autosomal domi-
nant (AD) pattern, but can also be autosomal recessive (AR) 
or X-linked recessive. FEVR genes show 100% penetrance 
but variable in expressivity, even between eyes in the same 
person or within the same family [7].

The normal vascular development of the eye is regulated 
by the Wnt signaling pathway.

There are two types of Wnt signaling pathways: the 
canonical Wnt/β-catenin pathway, which uses β-catenin as a 
transcriptional co-factor that enables cell proliferation and 
differentiation; and the non-canonical Wnt pathway that 
mediates cell migration and cytoskeletal organization [8]. 
The vascular angiogenic abnormalities associated with 
FEVR occur when the Wnt signaling pathway becomes 
dysfunctional.

Many genes that have been implicated in FEVR and 
FEVR-like phenotypes: Frizzled-4 (FZD4: 11q14.2; AD), 
norrin (NDP: Xp11.3; X-linked recessive), exudative vitreo-
retinopathy 3 (EVR3: 11p13-p12; AD), low density lipopro-
tein receptor-related protein 5 (LRP5: 11q13.2; AD or AR), 
tetraspanin (TSPAN12: 7q31.31; AD), zinc finger protein 
(ZNF408: 11p11.2; AD), β-catenin 1 (CTNNB1: 3p22.1; 
AD), and kinesin family member 11 (KIF11 10q23.33; AD).

FZD4, NDP, LRP5, and TSPAN12 are the classic FEVR 
genes, and they are linked to the canonical Wnt/β-catenin 
pathway. At the cell surface of vascular endothelium, Wnt 
ligands and Norrin proteins bind to the FZD4 and LRP5 
receptors on the plasma membrane to form the receptor 
complex. This results in the release of β-catenin into the 
cytoplasm. In addition, to amplify the Wnt signal, Norrin/
FZD4 signaling requires the membrane protein TSPAN12 
to increase FZD4 multimerization. Cytoplasmic β-catenin 
then translocates into the nucleus, leading to transcrip-
tion of Wnt target genes. An abnormality of one of these 
genes will affect the normal angiogenesis of the eyes [9]. 
ZNF408 is thought to be a transcription factor in ocular 
vascular development. Defects in ZNF408 genes have been 
reported to be associated with autosomal recessive retinitis 
pigmentosa. Collin et al. [10] identified a mutation in the 
ZNF408 genes in a large Dutch pedigree with exudative 
vitreoretinopathy.

KIF11 is in the kinesin family, of which the relation to the 
Wnt/β-catenin signaling pathway is still unknown. Mutations 
in KIF11 exhibit an autosomal dominant inheritance pattern 
that have been associated with microcephaly with or without 
intellectual disability, lymphedema, and chorioretinopathy 

[11]. Robitaille et  al. [12] identified KIF11 mutations in 
patients with FEVR-like phenotypes; and Hu et  al. [13] 
reported that 8.3% of FEVR patients had KIF11 mutations, 
with these patients showing ocular signs of FEVR with or 
without the systemic associations of KIF11.

25.3  Histopathology

Pathological results of two enucleated eyes from two patients 
with angle-closure glaucoma secondary to FEVR showed 
retinal detachment, abnormal peripheral retinal vascular pro-
liferation, intraocular hemorrhage, fibrovascular formation, 
and intraretinal infiltration of inflammatory cells [14]. In 
1995, Benson [15] reported histopathological results from 
intraocular fluid and fibrous tissue samples that were col-
lected during vitrectomies from three patients with 
FEVR.  The specimens showed the infiltration of lympho-
cytes, plasma cells, and macrophages. The retinal tissue seg-
ments showed retinal degeneration, vessel wall thickening, 
and areas of avascular retina. All findings were not specific 
for the diagnosis of FEVR, however.

25.4  Clinical Presentation

FEVR is a rare, hereditary, congenital vitreoretinal disorder, 
which can cause significant visual impairment, but many 
patients are also asymptomatic. Most patients present 
younger than 7–10 years of age [16–19], without a history of 
preterm birth or supplemental oxygen, and with normal birth 
weight—the typical considerations for ROP, which is at the 
top of the differential diagnosis. A positive family history of 
FEVR can be found in 10–50% [1, 16, 19, 20]. FEVR typi-
cally progresses during childhood, especially before age 3. 
Progression of the disease is rare after age 20 [16] but does 
occur.

FEVR is a bilateral condition, but the severity can be very 
asymmetric between eyes in the same patients [15]. There is 
a wide range of clinical presentations, such as being asymp-
tomatic, refractive errors, nystagmus, strabismus, microph-
thalmia, and phthisis bulbi. Mild forms of the disease show 
peripheral avascular retina with a line of vascular buds at the 
vascular and avascular junction, venous-venous anastomo-
ses, and extensive vascular branching. In more severe cases, 
neovascularization, dragged disc and macula, radial falci-
form retinal folds, tractional retinal detachments (alone or 
combined with rhegmatogenous retinal detachments), vitre-
ous hemorrhage, and secondary glaucoma can occur [1, 2, 
16]. Exudation can occur concurrently with any stage of 
FEVR, manifesting as intraretinal or subretinal lipid exu-
dates on fundus examination, or leakage on fluorescein angi-
ography [17].
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In 1998, Pendergast and Trese [21] proposed a five-stage 
FEVR classification that was subsequently modified in 2011 
[16] and 2014 [17] (Table 25.1). The modified classifications 
were based on long-term observations of large case series 
using wide-field angiography, which improved disease rec-
ognition, clinical staging consensus, and management of 
patients and affected family members. Table 25.1 describes 
the details of the most recent 2014 classification system by 
Kashani and Trese [17]: Stage 1—peripheral avascular retina 
or anomalous intraretinal vascularization without (1A) or 
with (1B) exudates on fundus examination or angiographic 
leakage (Fig.  25.1); Stage 2—avascular peripheral retina 
with extraretinal neovascularization, without (2A) or with 
(2B) exudates or leakage (Fig. 25.2); Stage 3—extramacular 
retinal detachment; Stage 4—macula-involving retinal 
detachment (Fig.  25.3); Stage 5—total retinal detachment 
(Fig. 25.4).

25.5  Multimodal Imaging

25.5.1  Fluorescein Angiography

Fluorescein angiography (FA) is the most important imaging 
modality for diagnosis of FEVR, and it can also be used to 
reveal abnormalities in asymptomatic patients and family 
members. FA in FEVR was first used by Canny and Oliver in 
1976 [22], and they showed telangiectatic vessels at the bor-
der of vascularized and avascular retina, retinal capillary 
buds at that junction, and retinal feeder vessels to the tempo-
ral fibrovascular mass associated with fluorescein leakage. 
Ober et  al. [19] reported the FA findings in 12 patients, 
showing increased number and caliber of retinal vessels, 
straightening of the vessels, arteriovenous anastomoses, 
temporal retinal vascular nonperfusion with scalloped bor-
ders, and leakage of vessels, optic disc, and macula.

FA demonstrates an avascular zone classically described 
as a V-shaped pattern in the temporal periphery, but this can 
extend 360 degrees [15]. Kashani et al. [17] describes a vari-
ety of retinal vascular anomalies in FEVR by using wide- 
field angiography (Fig. 25.5c, d), including telangiectasias in 
the macula or periphery, optic disc head leakage, arterial tor-
tuosity, capillary agenesis, anomalous vascularization, aber-
rant circumferential vessels, delayed arteriovenous transit 
time, delayed or absent choroidal perfusion, venous-venous 
shunting, and central macular edema. They found that more 
than 50% of asymptomatic family members also showed 
peripheral vascular nonperfusion and vascular abnormalities 
indicative of a FEVR phenotype. The angiographic findings 
help with the management of these patients, as laser ablation 
of the retinal avascular areas to prevent complications can be 
considered.

Table 25.1 Staging system for familial exudative vitreoretinopathy

Stage Clinical features A B
1 Avascular periphery or 

anomalous intraretinal 
vascularization

Without 
exudate or 
leakage

With 
exudate or 
leakage

2 Avascular retinal periphery 
with extraretinal 
vascularization

Without 
exudate or 
leakage

With 
exudate or 
leakage

3 Extramacular retinal 
detachment

Without 
exudate or 
leakage

With 
exudate or 
leakage

4 Macula-involving retinal 
detachment

Without 
exudate or 
leakage

With 
exudate or 
leakage

5 Total retinal detachment Open funnel Closed 
funnel

a b

Fig. 25.1 Wide-field color fundus image and fluorescein angiography 
(FA) of a patient with stage 1A FEVR. (a) Color fundus imaging show-
ing peripheral avascular retina with a line of vascular buds at the vascu-
lar and avascular junction and extensive vascular branching. (b) 

Midphase FA reveals a V-shaped avascular zone in the temporal periph-
ery, increased number of retinal vessels (called “supernumerary 
vessels”)
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25.5.2  Optical Coherence Tomography

Optical coherence tomography (OCT) is a non-invasive test 
that provides cross-sectional images of retinal microstruc-
ture. Shimouchi et al. [23] reported two cases of early-stage 
FEVR, with vitreoretinal interface abnormalities showing 
perifoveal posterior vitreous detachment (PVD) and epireti-
nal hyperreflective material deposited at the parafoveal area. 
Yonekawa et al. [6] has since demonstrated various types of 
vitreomacular interface abnormalities including posterior 

hyaloid organization, abnormal vitreous traction at the mac-
ula and optic disc (Fig. 25.5a, b), and vitreoadhesion at old 
peripheral retinal scars. Microstructural changes of the ret-
ina, such as loss of normal foveal contour, persistence of 
inner retinal layers, cystoid macular edema, intraretinal and 
subretinal lipid exudation, and disruption of the ellipsoid 
zone were also reported. Poor visual function was associated 
with disruption of ellipsoid zone, cystoid macular edema, 
macular exudates, vitreomacular traction, and posterior hya-
loidal organization.

a b

Fig. 25.2 Wide-field color fundus image and fluorescein angiography 
(FA) of a patient with stage 2B FEVR. (a) Color fundus imaging shows 
temporal extraretinal fibrovascular proliferation and laser scars from 

previous treatment. (b) FA shows extensive leakage from the fibrovas-
cular proliferation, temporal peripheral nonperfusion, and staining of 
the laser-treated areas

Fig. 25.3 Wide-field color fundus photography of stage 4 FEVR in the 
left eye showing a temporal falciform retinal fold with macula- involving 
retinal detachment, and overlying hyaloidal organization

Fig. 25.4 Stage 5 FEVR is characterized by complete retinal 
detachment
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25.5.3  Optical Coherence Tomography 
Angiography (OCTA)

Chen et al. [24] reported the microstructural changes of the 
fovea in 41 FEVR patients compared to normal controls 
using optical coherence tomography angiography (OCTA): 
one-third of patients had small foveal avascular zones, and 
almost 50% of patients showed abnormal persistence of fetal 
foveal structures and decreased density of vascularization in 
parafoveal areas.

25.6  Differential Diagnosis

The clinical findings of FEVR can mimic other vitreoretinal 
disorders, such as ROP, Norrie’s disease, Coats’ disease, 
incontinentia pigmenti, toxocara infection, and PFV.

Unlike ROP, patients with FEVR are born full-term, with 
normal birth weights, and without having received significant 
oxygen supplement therapy. History of retinal diseases in 
family members might help in diagnosis, but because many 
affected are asymptomatic, FEVR should be considered on 
the differential of childhood vitreoretinopathy. Careful and 
complete ophthalmic examination of family members is 
important and helpful in terms of diagnosis, treatment, and 
counseling, especially when access to genetic testing is diffi-
cult. Both ROP and FEVR are bilateral diseases, but asym-
metrical involvement between the eyes are frequently found 
in FEVR patients. Active ROP cases rarely develop exudates 
and tend to have circumferential, elevated fibrovascular ridges 
at the vascular–avascular junction, which then regress over 
time, especially after treatment [15]. On the other hand, 
FEVR usually does not develop circumferential elevated 
ridges, and the condition can progress despite treatment.

a b

c d

Fig. 25.5 FEVR is a bilateral condition but can be very asymmetric in 
presentation. (a, b) This patient has a tight radial retinal fold in the right 
eye, while the retinal traction is milder in the left eye. (c, d) Fluorescein 

angiography shows that the right eye’s vasculature is relatively quiet, 
but the left eye has more leakage. The angiogram highlights the nonper-
fusion and anomalous vasculature ends
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FEVR can be associated with both intraretinal and sub-
retinal exudation, which mimics Coats’ disease. However, 
FEVR frequently develops fibrous membranes and retinal 
traction, and commonly affects both eyes. Coats’ disease is 
an idiopathic retinal telangiectatic condition. There is 
 unilateral involvement in 95% of cases, and patients may 
present with exudative retinal detachments from actively 
leaking abnormal vessels. Unlike FEVR, neovascularization 
and tractional membranes are not usually seen in Coats’ dis-
ease [25, 26].

Norrie disease and incontinentia pigmenti (IP) are 
X-linked conditions that can exhibit ocular findings that 
resemble FEVR, but they both tend to have systemic involve-
ment. Many patients with Norrie disease are associated with 
developmental delay, and one-third develop progressive sen-
sorineural hearing loss in the second decade of life [9, 27]. 
Note though that Norrie disease is caused by severe muta-
tions in NDP and can be thought of as an extreme phenotype 
of FEVR. Indeed, children with Norrie disease often present 
with severe traction retinal detachment in both eyes. IP, or 
Bloch–Sulzberger syndrome, is an X-linked dominant neu-
rocutaneous disorder and is usually lethal in males. Female 
infants can be born with characteristic skin lesions, along 
with developmental delay and seizures, and peripheral reti-
nal avascularity and neovascular complications [28–30].

Toxocariasis is a rare infection caused by roundworms, 
Toxocara canis and Toxocara cati. As in FEVR, temporal 
dragging of the optic disc and macula can occur, though 90% 
of cases are unilateral and most patients present with poste-
rior uveitis and vitritis.

Persistent fetal vasculature (PFV) is an idiopathic con-
genital ocular abnormality resulting from a failure of regres-
sion of fetal vasculature. PFV is most frequently unilateral, 
occurring in full-term infants. Ocular findings vary from 
mild persistent pupillary membranes to severe tractional reti-
nal detachments which can mimic FEVR. Infants with PFV 
usually have anterior segment abnormalities, such as micro-
cornea, ciliary body elongation, cataracts, or colobomas—all 
uncommonly found in FEVR [31, 32].

25.7  Treatment

Treatment of FEVR depends on the clinical stage of the dis-
ease. Earlier stages may be managed with careful observa-
tion or laser photocoagulation. More advanced disease 
usually requires complex surgical intervention. Early and 
appropriate interventions often lead to better outcomes and 
can be vision preserving.

25.7.1  Long-Term Ocular Examinations 
and Screening

FEVR is a progressive disease that requires lifelong manage-
ment. Regular fundus examinations with fluorescein angiog-
raphy are advised, especially in very young patients who can 
have rapid progression to advanced stages, causing severe 
loss of vision. Family members should be screened with full 
eye examinations, and genetic testing should be offered if 
possible to identify the genomic abnormalities, aiding in 
genetic counseling and family planning.

25.7.2  Non-surgical Treatment

For Stage 1 disease, patients can be observed carefully, as 
they have a lower likelihood of progressing to advanced 
stages. Treatment of avascular zones with laser photocoagu-
lation can be considered though, in patients with moderate or 
severe avascularity. In patients with Stage 2 disease, laser 
photocoagulation is recommended to help regress neovascu-
larization. Anti-VEGF therapy can help reduce neovascular 
regression but may aggravate fibrovascular contraction, 
causing severe traction to the retina. Further studies for the 
use of anti-VEGF treatment in FEVR are required, but at the 
moment, its role is limited.

25.7.3  Surgical Treatment

Vitreous traction from hyaloidal organization is the cause of 
tractional retinal detachments in FEVR. Areas of peripheral 
avascular retina are atrophic, which predisposes the eyes to 
retinal breaks and rhegmatogenous retinal detachments also 
[33]. The surgical options for retinal detachments in FEVR 
include scleral buckling, vitrectomy with or without lens 
removal, and combined procedures [20, 21, 34, 35]. The 
results of the surgery vary depending on patient age, the 
severity of detachments, macular involvement, and type of 
surgery.

Scleral buckling can be considered in patients who have 
peripheral traction anterior to the equator, as patients with 
Stage 3 disease or partial exudative retinal detachments can 
have favorable outcomes with scleral buckling alone [21]. 
Vitrectomy with hyaloidal resection is essential for severely 
active fibrovascular proliferation, and lensectomy may be 
done in cases that have membranes attached anteriorly to the 
lens. Recurrences of membranous proliferation and retinal 
detachments can occur, necessitating the need for subsequent 
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procedures. Complications, such as secondary cataract for-
mation, glaucoma, vitreous hemorrhage, and iatrogenic reti-
nal breaks have been reported and should be avoided. Visual 
rehabilitation after treatment is crucial, especially in younger 
patients to prevent amblyopia.

25.8  Prognosis

FEVR tends to be a slow, progressive disease [36], yet rapid 
progression can occur, especially in children. Patients may 
not progress through the stages in a stepwise manner [18]. 
Progression mostly happens during the first decade of life. In 
patients who have useful visual function after age 20, the 
visual acuity usually remains stable throughout life [2, 18, 
19]. Some causes of late-onset visual loss include progres-
sive retina traction involving the macula, large exudates, reti-
nal detachment, cataract, vitreous hemorrhage, and secondary 
glaucoma [34]. Further studies that look at long-term out-
comes of FEVR patients are needed.

25.9  Conclusion

FEVR is a rare, yet likely very under-diagnosed, genetic 
disorder that affects retinal angiogenesis during eye devel-
opment resulting in avascular peripheral retina. The phe-
notype is asymmetric between eyes, variable penetrance 
and expressivity is seen within the same family, and vascu-
lar abnormalities vary in severity. Numerous genes have 
been implicated in the condition. Careful and complete 
ocular examination with wide-field fluorescein angiogra-
phy is essential for early detection, diagnosis, and manage-
ment. Early treatment with laser photocoagulation may 
help prevent disease progression, and carefully planned 
surgical intervention is used to manage retinal detach-
ments. Visual prognosis depends on the severity of the dis-
ease, and lifelong follow-up is important to reduce 
morbidity.

Disclosures Consultant for Alcon, Alimera, Allergan, Regeneron (YY)
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Persistent Fetal Vasculature

Limei Sun, Chonglin Chen, and Xiaoyan Ding

Abstract

Persistent fetal vasculature (PFV), previously called as 
persistent hyperplastic vitreous (PHPV), is a congenital 
ocular anomaly in which the fetal hyaloid vasculature net-
work fails to regress partially or completely. Ninety-five 
percent of PFV cases are unilateral. The clinical manifes-
tations of PFV are highly diverse, including glaucoma, 
cataract, falciform retinal folds, funnel or stalk-shaped 
retinal detachment, spontaneous fundus hemorrhage, and 
a congenitally small eye. In this chapter, we describe the 
diversity of various clinical manifestations.

Keywords

Persistent fetal vasculature · Glaucoma · Cataract  
Falciform retinal folds · Stalk-shaped retinal detachment

Intraocular fetal vascular system is critical for the develop-
ment of the eye. During early embryogenesis, the intraocular 
fetal vascular system arises from the optic nerve head, 
extends through the central vitreous, surrounds the develop-
ing crystalline lens, reaches and finally, nourishes the ante-
rior segment of the eye. Timely regression of the fetal 
vascular system before birth is critical for the development 
of a clear optical pathway. Only an acellular hyaloid canal, 
which is called as the Cloquet’s canal, in the center of the 
vitreous cavity from the optic disc to the posterior capsule of 
the lens, could be left [1].

Persistent fetal vasculature (PFV), previously called as 
persistent hyperplastic vitreous (PHPV), is a congenital ocu-
lar anomaly in which the fetal hyaloid vasculature network 
fails to regress partially or completely [1, 2]. This disease 

was first reported by Cloquet in 1818 [3] and since then it has 
been called by various names, including persistent posterior 
fetal fibrovascular sheath of the lens, persistent tunica vascu-
losalentis, congenital retinal septum, and ablation falciform 
[1, 4]. It was divided into three categories based on the loca-
tion of the vascular abnormalities—anterior, posterior, and 
combined PHPV. In 1997, Goldberg proposed to place all the 
anterior, posterior, and combined manifestations into the 
same category with a general name—Persistent fetal vascu-
lature (PFV) [4]. This novel term has gradually replaced the 
older PHPV in recent years, since it reflects a more accurate 
description of anatomic and pathologic features of this 
disease.

26.1  Classification of PFV

26.1.1  Laterality of PFV

PFV accounts for about 5% of blindness in childhood in the 
United States [5]. Notably, 95% of PFV cases are affected 
unilaterally. Although rare, bilateral cases have been noted in 
some cases (Figs. 26.1 and 26.2). This unilateral onset is an 
important clue in distinguishing it from other bilateral dis-
eases, such as retinopathy of prematurity (ROP) or familial 
exudative vitreoretinopathy (FEVR).

26.1.2  Anterior, Posterior, and Combined PFV

PFV could be divided into three categories based on the loca-
tion of the vascular abnormalities. Anterior PFV is relatively 
common, accounting for approximately 25% of cases, and is 
characterized by a shallow anterior chamber, elongation of 
ciliary processes, cataracts, and retrolental opacity (Figs. 26.3 
and 26.4). Posterior PFV mainly involves the vitreous and 
the retina and accounts for 12% of PFV patients. It may man-
ifest as a stalk from the optic nerve, retinal proliferative 
membrane, retinal fold, retinal detachment, or optic nerve 
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hypoplasia. Combined PFV, which is the most common type 
involving both the anterior and posterior segments, accounts 
for about 60% of all cases.

26.2  Clinical Manifestations of PFV

The clinical manifestations of PFV are highly diverse. Each 
of the anatomic abnormalities is associated with partial or 
complete persistence of the fetal vasculature and thus can 
be considered a limited expression of the complete PFV 
syndrome [4–7]. The defects include glaucoma, cataract, 
falciform retinal folds, funnel or stalk-shaped retinal 
detachment, spontaneous fundus hemorrhage, a congeni-
tally small eye.

26.2.1  Anterior PFV

 1. Persistent pupillary membranes

Remnants of the capillaries may persist as small strands 
attached to the iris, or the membrane-like lesion located in 
the pupillary area (Fig. 26.3). These loops, strands, or mem-
branes are remnants of the anterior tunica vasculosalentis, 
which is the blood supply during lens development of the 
fetus. Visual acuity is compromised only when the mem-
brane becomes thick or intact (Fig.  26.4), which causes 
deprivational amblyopia. It should be noted that in some 
cases, the lens behind the membrane might be totally trans-
parent, presenting without any opacity of the lens itself. Lens 
should be gently protected when removing the pupillary 

a b

c d

Fig. 26.1 Bilateral PFV. A 4-month-old boy with bilateral PFV. No 
other systemic syndromes were found. The genetic screening failed to 
identify any known genetic mutation. Focal (a, red arrow) and diffuse 
(b, white arrow) opacity on the posterior capsule of lens could be noted 

in his right (a) and left (b) eyes, respectively. A wide (d, yellow arrow) 
stalk from the optic disc to the posterior capsule of lens is remarkable. 
Note that in his right eye, a thick preretinal membrane is present in the 
macular area (c, blue arrow)
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a b

c d

Fig. 26.2 Bilateral PFV manifested with cataract and morning glory 
syndrome. A 7-month-old girl presented with posterior fetal fibrovascu-
lar membrane posterior to the lens (a) and retrolental fibrovascular stalk 
(c) in her right eye. The optic nerve appears large and funneled and 

straight retinal vessels arise from the disc margin in the left eye (b, 
white arrow). Ultrasonography shows a conical excavation of the dys-
plastic optic disc (d, red arrow)

a b

Fig. 26.3 Partial persistent pupillary membranes in two PFV patients. 
A 5-month-old boy presented with a visible papillary membrane at the 
nasal side of his left eye (a, white arrow). A 2-year-old boy presented 

with a visible papillary membrane, iris dysplasia, and cataract in his left 
eye (b, white arrow)
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a

c

b

Fig. 26.4 Persistent pupillary membranes. A 6-month-old girl with a 
papillary membrane covered the pupil area in her right eye (green 
arrow, a). The pupil is as small as a pinhole, and ectopic. It is notable 
that the underneath lens might be totally transparent. Gently manipula-

tions are highly recommended during the surgery. Figure (b) showed 
the enlarged pupil (blue arrow) 1 month after the surgery. Wide-field 
funduscopy showed that the fundus is unremarkable (c)

Fig. 26.5 Retrolental membrane. An 11-month-old boy with a white 
fibrous membrane covering the entire posterior surface of the lens in his 
left eye. There are vessels on the membrane. The fundus is invisible

membrane during the surgery. In some cases, congenital 
cataract or retrolental fibrous tissue could be seen.

 2. Mittendorf dot

The Mitterndorf dot is a local white dot located on the 
posterior lens capsule, usually about 0.5  mm nasal to the 
posterior pole. It is caused by the remnants of the regression 
hyaloid artery.

 3. Retrolental Membrane

The retrolental membrane, classically called PHPV, is 
characterized by fibrous membranes located in retrolental 
space. It is caused by the failure of regression of the posterior 
tunica vasculosa lentis (Fig. 26.5). Typically, the retrolental 
membrane is a white membrane with vessels. Elongated cili-
ary processes can be found, which is due to the proliferation 
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and concentric traction of the remnant posterior tunica vas-
culosa lentis (Fig. 26.6).

 4. Leukocoria

Leukocoria is one of the most commonly reported 
symptoms by the parents of children with PFV. The white 
pupil is due to cataract (minority of patients, Fig. 26.7) or 
the retrolental membrane (majority of the patients). In 
most cases, the proliferating fibrous membrane is attached 
to the posterior lens capsule, leading to the appearance of 
cataract (Fig. 26.8).

 5. Spontaneous intralenticular bleeding

Spontaneous intralenticular bleeding is reported as a rare 
manifestation of anterior PFV. The underlying mechanism is 
not clear. In some patients, the hallmark stalk could be iden-
tified; however, in other cases, no intraocular stalks or trac-
tions are found (Fig. 26.9).

26.2.2  Posterior PFV

 6. Bergmeister papilla

A Bergmeister papilla manifests as a membranous or 
short band-like lesion attached to the optic disc, which is 

the incomplete regression of the posterior part of the hya-
loid artery [5]. The Bergmeister papilla itself will not 
affect visual function, if the remnant causes no macula 
traction.

26.2.3  Combined PFV

 7. Congenital hyaloid stalk

The primary vitreous, containing the hyaloid artery, 
locates between the optic disc and lens posterior capsule 
(Figs. 26.10 and 26.11).

 8. Tent-shaped retinal detachment

The remnant hyaloid artery and the vicinity proliferates 
and adheres to the retina, causing partial retinal traction and 
thus leading to tent-shaped retinal detachment (Fig. 26.12). 
Macular abnormalities are secondary to tent-shaped or other 
tractional retinal detachments.

 9. Morning Glory syndrome

Optic nerve abnormalities were also found in children 
with combined PFV.  In about 25% of children who were 
diagnosed with Morning Glory syndrome, the remnants of 
persistent fetal vasculature could be identified (Figs. 26.13 
and 26.14). However, the falciform retinal detachment in 
retinopathy of prematurity or familial exudative vitreoreti-
nopathy should be distinguished from the tent-shaped retinal 
detachment more typical of PFV.

 10. Microophthalmia/phthisis bulbi and buphthalmia

End stage of PFV is usually accompanied by the arrested 
development of the eyeball. Microphthalmia and buphthal-
mia are severe complications of combined PFV.

Without treatment, the majority of the combined PFV is 
stable with a lack of visual function (Fig. 26.15). However, 
in some cases, PFV can lead to corneal opacification, shal-
lowing of the anterior chamber, spontaneous intraocular 
bleeding, and secondary glaucoma. These complications 
usually occur suddenly within the first 3 years of life. In the 
progressive cases, the prognosis is quite poor (Fig. 26.16). 
Sometimes, enucleation of the eyeball is required due to 
either painful, uncontrolled intraocular pressure or phthisis 
bulbi.

Fig. 26.6 Retrolental membrane with elongated ciliary processes. A 
1.5-year-old girl presented with a yellowish-white retrolenticular fibro-
vascular membrane in her right eye, and the ciliary processes are cen-
trally dragged and elongated (red arrows) shown by Retcam wide-field 
funduscopy
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a b

c d

Fig. 26.7 Vitreous hemorrhage after the cataract removal in PFV. A 
4-month-old girl presented with unilateral cataract associated with 
PFV in her right eye (a). The axial length is 16 mm, which is shorter 
than that of her left eye (18 mm). The depth of right anterior chamber 
is 0.9 mm, but 1.3 mm in her left eye. However, the lens was thicker 
(3.9  mm) in her right eye when compared to that of her left eye 

(3.6  mm). After removing the cataract, mild hemorrhage from the 
regressed stalk was observed during the surgery. The hemorrhage was 
well-demarcated on the 1st day postoperatively (b). However, the 
bleeding was gradually resolved after 2 weeks (c) and completely dis-
appeared after 3 months (d)
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a b

c d

Fig. 26.8 Retrolental membrane and vitreous stalk in PFV. A 3-year- 
old girl presented with unilateral PFV in her right eye. The hyaloid 
artery and proliferative tissues were seen between the posterior lens 
capsule and the optic papilla. Notably, the lens itself is transparent (a). 

The stalk reached the posterior lens capsule (c, red arrow); The poste-
rior pole retina is tractionally detached (d, white arrow); a tent-shaped 
lesion was located inferior to the optic disc (b, d, white arrow)

a b

Fig. 26.9 Spontaneous intralenticular hemorrhage. A 3-year-old boy 
presented with visual decrease in his left eye for 1 month. The intralen-
ticular central bleeding was noted (a). The bleeding is located between 

the posterior capsule and the lens cortex (b). These pictures are snap-
shots from surgery video
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Fig. 26.10 Remnant of hyaloid artery arising from the optic nerve. A 
1-year-old girl with unilateral retrolenticular vascular fibrotic mem-
brane in her left eye (red arrows, a) After cataract removal, a remnant 

from the optic nerve (blue arrow) could be found (b) and could be 
detected with OCT (c). This patient was diagnosed as combined PFV
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b

Fig. 26.11 Combined PFV with a vitreous stalk and tractional 
detached retina. A 6-month-old boy presented with the primary vitreous 
which contained the hyaloid artery and was located between lens poste-

rior capsule (a, red arrow) the optic disc. Retinal traction leads to tent- 
shaped retinal detachment (b, c, white arrows). The yellow arrow 
indicated the junction of the remnant vessels and the detached retina
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Fig. 26.12 Combined PFV with phthisis bulbi. A 1-year-old boy pre-
sented with partial retrolenticular opacity. Radial traction of the anterior 
vitreous cortex was noted (a). A stalk was noted between the optic 
nerve and the lens (c). There are two components in the stalk: the rem-

nant hyaloid vessels with proliferative tissues (red arrow) and the tent- 
shaped detached retina (b, blue arrow). The macula was also tractional 
detached, indicating poor visual function. The axial length was very 
short shown on B-scan
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2826um

c

d

Fig. 26.13 Combined PFV with morning glory syndrome (MGS). 
Figure (a) is focusing the posterior lenticular membrane, which is thin, 
gray, and irregular. Figure (b) is focusing on the optic disc, which is 
abnormally enlarged. (c) The optic disc is dented and enlarged, which 

with a horizontal diameter of 2800 μm. (d) There was some intraretinal 
fluid (space) in the inner layers of the retina. The mechanisms and the 
clinical significance of this intraretinal fluid are still not elucidated
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a b

Fig. 26.14 Combined PFV with morning glory syndrome (MGS). The left eye of a 26-year-old male presented with a stalk adherent between the 
posterior capsule of lens (a, blue arrow) and the optic disc where his disc is enlarged and excavated like a morning glory (b, red arrow)

Fig. 26.15 Stable PFV. An 11-month-old boy with the primary vitre-
ous located between the posterior lens capsule (a, red arrow) and the 
optic papilla (b, white arrow) in his left eye. Figure (c) focuses on the 
posterior capsule cataract and figure and Figure (d) focuses on the tent- 

like retinal detachment, in which the macula is involved. With the wide- 
field photography, shadow retinal detachment with profound sub-retinal 
fibrosis is noted (e). The lesion is stable, nonprogressive during the 
follow-up of 3 years
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a

c d

b

Fig. 26.16 Progressive PFV. A 10-month-old girl with combined PFV 
from the optic disc to the posterior capsule of lens in her right eye (a, 
b). This girl suffered eye pain after 18 months. End-stage lesions 

including disappearance of the anterior chamber, vitreous hemorrhage, 
and total retinal detachment was noted (c, d)

e

Fig. 26.15 (continued)
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Pediatric Uveitis

Koh-Hei Sonoda

Abstract

Pediatric uveitis differs from adult-onset uveitis and needs 
special attention to its diagnosis and therapies. Children 
with uveitis are often asymptomatic and the uveitis is 
often chronic and persistent.

Keywords

Juvenile idiopathic arthritis · Tubulointerstitial nephritis 
and uveitis syndrome · Brau syndrome · Ocular toxoplas-
mosis · Cat-scratch disease

27.1  Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) is the common rheumatic 
disease in children and there are several subtypes (such as 
oligoarticular, polyarticular, and systemic) that are classified 
based on the clinical presentation and laboratory markers. 
Chronic uveitis is a common manifestation and is potentially 
sight-threatening and thus carries a considerable risk of 
reduction in quality of life. “Oligoarticular JIA” is a major 
form of JIA, which occurs typically in pre-school girls with 
single knee or ankle involvement. Although blood tests 
including rheumatoid factor and radiographs are often nor-
mal, this is a high-risk group of “uveitis.”

JIA-associated uveitis is non-granulomatous inflammation 
which is sometimes asymptomatic in the initial stage. The ocu-
lar inflammation is initially limited in the anterior part in most 
of the case (Fig. 27.1), but eventually expands to the poste-
rior part, and sometimes cause significant damage (Fig. 27.2). 
Complications may include band keratopathy in the visual 
axis (Fig.  27.1c, d), posterior synechiae (Fig.  27.1a, b),  

cataract (Fig.  27.1a–d), hypotony, secondary glaucoma, 
epiretinal membrane, cystoid macular edema, and optic nerve 
edema (Fig. 27.2).

The cooperation of ophthalmologists with rheumatolo-
gists will help perform accurate diagnosis and define the best 
treatment plan. Methotrexate is recommended in patients 
with severe uveitis [1]. The ophthalmic therapeutic regimen 
includes mydriatic and topical corticosteroid, while systemic 
corticosteroid and biological drugs are introduced in severe 
cases. Surgical treatment for ocular complications such as 
cataract and epiretinal membrane is sometimes needed. 
Systemic glucocorticoid is used for severe complications 
such as severe refractory uveitis and macrophage activation 
syndrome as bridging therapy while waiting for the full effect 
of disease-modifying anti-rheumatic drugs (DMARDs).

The tumor necrosis factor-α inhibitors are the most com-
monly employed biological drugs for JIA-associated uveitis. 
Adalimumab has been proven very successful in aiding cor-
ticosteroid therapy in different non-infectious uveitis. A 
recently published randomized controlled trial provides 
 convincing evidence for the use of Adalimumab in patients 
who fail to respond to methotrexate [2]. Other biological 
agents that have been investigated to treat the disease include 
drugs that target lymphocyte co-stimulation and signals 
cytokine receptors. Tocilizumab and abatacept are consid-
ered to alternatives in children inadequately treated with 
TNFα inhibitors [3].

27.2  Tubulointerstitial Nephritis 
and Uveitis Syndrome

Tubulointerstitial nephritis and uveitis (TINU) syndrome is 
an important cause of uveitis in children. Dobrin et al. ini-
tially reported it as an inflammatory granulomatous syn-
drome [4]. Classically, patients present renal impairment 
due to acute interstitial nephritis, combined with bone mar-
row granuloma, bilateral anterior uveitis, and an increased 
erythrocyte sedimentation rate. A hypersensitivity reaction 

K.-H. Sonoda (*) 
Department of Ophthalmology, Graduate School of Medical 
Sciences, Kyushu University, Fukuoka, Japan
e-mail: sonodak@med.kyushu-u.ac.jp

27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6552-6_27&domain=pdf
https://doi.org/10.1007/978-981-15-6552-6_27#DOI
mailto:sonodak@med.kyushu-u.ac.jp


234

is suspected, especially when a medication reaction or an 
infection can initiate such an event.

Patients with this syndrome frequently experienced 
bilateral anterior uveitis of sudden onset. Fortunately, the 
prognosis for vision is generally good. Patients are usually 
treated with systemic corticosteroids and with some immu-
nosuppressive drugs. Systemic steroid therapy results in 
prompt renal recovery and may provide the benefit of 
reduced uveitis recurrence in most cases. There are some 
reports resulted in poor visual prognosis, if the patients 
combined with macular edema (Fig.  27.3) and choroidal 
neovascularization. In those cases, uveitis became relaps-
ing and chronic.

TINU syndrome is rare and still unfamiliar to most oph-
thalmologists. Diagnostic criteria for TINU syndrome were 
published [5], and it provided levels of certainty ranging 
from “definite,” “probable,” and “possible.” While renal 

biopsy is considered the gold standard for diagnosis, “defi-
nite” TINU can be diagnosed without biopsy as long as other 
major clinical findings are present.

Matsumoto et  al. summarized the findings from 102 
Japanese patients with TINU syndrome [6] and demonstrated 
that TINU showed a female predominance and was more 
likely to develop in younger patients.

TINU patients show elevated serum creatinine, low-
grade proteinuria, and microscopic hematuria by urinaly-
sis. Elevated urinary beta-2-microglobulin (β 2m) has 
emerged as a sensitive test useful in the diagnosis of TINU 
syndrome [7] and the levels can correlate to histologic 
grade of interstitial nephritis. β2M is a small protein 
excreted by glomeruli and resorbed by healthy tubular epi-
thelium. However, its resorption is reduced in tubulointer-
stitial nephritis, leading to elevated levels in the urine. 
Further workup of an elevated urinary β2M includes refer-

Fig. 27.1 Juvenile idiopathic arthritis (JIA), anterior uveitis. (a) 
Relatively early stage of JIA. Eight years old girl diagnosed as JIA. She 
had been suffering from bilateral uveitis for 4 years. Despite anterior 
uveitis was controlled, band keratopathy, anterior synechia, and cata-
ract have developed. (b) Higher magnification of (a). (c) Advanced 
stage of JIA. Twelve-year-old girl diagnosed as JIA. She had been suf-

fering from bilateral uveitis for 5 years. She had ongoing fibrinoid 
inflammation. Her band keratopathy was treated by excimer laser but 
had severe anterior synechia, cataract, and secondary glaucoma. (d) She 
had mutton-fat keratic precipitates and showed active anterior 
inflammation
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ral to a nephrologist for consideration of renal biopsy and 
to determine renal indication for systemic treatment. 
Additionally, N-acetyl-beta- glucosaminidase (NAG) urine 
activity is another screening marker for detecting renal dys-
function in TINU syndrome [8].

27.3  Brau Syndrome

Blau syndrome (BS) is a rare autosomal dominant, auto- 
inflammatory disease characterized by the clinical triad of 
dermatitis, granulomatous uveitis, and symmetric arthritis. 

Fig. 27.2 Juvenile idiopathic arthritis (JIA), posterior uveitis. (a) 
Early stage of JIA. Four-year-old girl was diagnosed as JIA, with posi-
tive antinuclear antibodies. She has bilateral mild anterior inflammation 
and optic disc swelling. She was treated with methotrexate. (b) 

Advanced stage of JIA. Eight-year-old girl was diagnosed as JIA, with 
positive antinuclear antibodies. She had been treated for 4 years with 
methotrexate and topical corticosteroid. She had swollen optic disc and 
vitreous opacity
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The gene responsible for this syndrome has been identified 
in the caspase recruitment domain gene CARD15/NOD2. In 
many cases, the disease is characterized by early onset, usu-
ally before 4 years of age. Since that time, the phenotype has 
been expanded to include fever, granulomas of the liver and 
kidney, cardiovascular abnormalities, and cranial neuropa-

thies. The ocular inflammation often occurs later in the dis-
ease course but carries the greatest morbidity in BS.

Monogenic “auto-inflammatory syndromes” are a new 
group of distinct hereditable disorders characterized by 
unprovoked inflammation in the absence of a high titer of 
auto-antibodies or auto-reactive T cells, and a congenital 

Fig. 27.3 Tubulointerstitial nephritis and uveitis (TINU) syndrome. 
(a) 13-year-old girl diagnosed with TINU syndrome. Her urinary β2M 
and N-acetyl-beta-glucosaminidase (NAG) were positive. She had been 
treated with systemic and topical corticosteroid for 3 years. She showed 
bilateral optic disc swelling and vitreous haze on the left eye. (b) 15 

years old girl diagnosed as TINU syndrome. Her urinary β2M was posi-
tive and she had biopsy-proven tubulointerstitial nephritis. She had 
been treated by topical + systemic corticosteroid for 8 years, but still 
has bilateral optic swelling and macular edema in her left eye
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error of innate immunity. The main monogenic auto- 
inflammatory syndromes are Blau syndrome, mevalonate 
kinase deficiency (MKD), TNF receptor-associated periodic 
syndrome (TRAPS), familial Mediterranean fever (FMF), 
cryopyrin-associated periodic syndrome (CAPS), and pyo-
genic arthritis with pyoderma gangrenosum and acne (PAPA) 
[9]. These disorders are mediated by excessive IL-1 secre-
tion activated by monocytes and macrophages.

The cytosolic pattern recognition receptor NOD2 is acti-
vated by the peptidoglycan fragment to contribute host 
defense against invaded microorganisms. Downstream 
effects include the secretion of proinflammatory cytokines 
such as IL-8, the upregulation of pro-IL-1β, the production 
of antimicrobial peptides and defensin, and the induction of 
autophagy.

Uveitis in BS is originally characterized by progressive 
panuveitis with multifocal choroiditis. Kurokawa T et  al. 
summarized the ocular manifestation in BS, which are ante-
rior and posterior synechiae, corneal opacities, iris bombe, 
secondary glaucoma, cataract, disc swelling (Fig.  27.4), 
 cystoid macular edema, anterior ischemic optic neuropathy, 
and multifocal choroiditis (Fig. 27.5) [10].

There is no established therapy for BS in general, and the 
main aim in ophthalmic care is to manage ocular inflamma-
tions to prevent blindness. On-demand nonsteroidal anti- 
inflammatory drugs can be effective for pain control, but 
they have limited efficacy in the prevention of disease pro-
gression. Steroid sparing immunosuppressants, such as aza-
thioprine or methotrexate, may be helpful. Low-dose 

glucocorticoids can maintain the quiescent stage, but high- 
dose corticosteroids are necessary in acute flare up. When 
patients are unresponsive to the combination of immunosup-
pressant agents and corticosteroid, the tumor necrosis 
factor-α inhibitor infliximab should be considered. Data on 
anti-IL-1 inhibition with anakinra and canakinumab are still 
limited and further investigation is required [11].

27.4  Ocular Toxoplasmosis

Ocular toxoplasmosis is the common cause of posterior uve-
itis in children. Toxoplasma gondii is an obligate intracellu-
lar parasite that is known to infect one-third of the world 
population chronically though it is asymptomatic in immu-
nocompetent patients. Geography, ethnicity, and socioeco-
nomic factors are influencing the prevalence of ocular 
toxoplasmosis in specific areas and countries.

The parasite may cross the placenta of an infected mother 
and then infect the fetus. Congenital toxoplasmosis may 
result in non-specific consequences like abortion, jaundice, 
hepatosplenomegaly, intrauterine growth retardation, or even 
intrauterine death. It may also result in ocular manifestations 
like retinochoroiditis.

The most common ocular finding of toxoplasmosis is an 
acute focal-necrotizing retinochoroiditis adjacent to an old 
chorioretinal scar (Fig. 27.6). Some of the children affected 
with congenital toxoplasmosis present with a healed punched 
out scar in the macula. Although the inner retina is the pri-

Fig. 27.4 Early stage of Brau syndrome. Ten-year-old girl diagnosed with Brau syndrome. Mutation of NOD2 gene was detected. She had pho-
tophobia and bilateral anterior uveitis. Her optic disc was swollen. Vitreous haze was observed in the right eye
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mary site of infection, vitreous, choroid, and sometimes 
sclera are secondarily affected. Foci of inflammation within 
or directly adjacent to the optic disc can result in papillitis 
and neuroretinitis. Rare presentations include granulomatous 
anterior uveitis, retinal vasculitis (Fig. 27.7), branch retinal 
vascular obstruction, and intermediate uveitis. It is important 
that ocular toxoplasmosis is commonly diagnosed during the 
inactive stage in children. The major symptoms were 
 strabismus and reduced visual acuity with an inactive chorio-
retinal scar [12].

The diagnosis may be based on the titer of anti- toxoplasma 
antibodies (IgM and IgG). Accurate diagnosis depends on 
the characteristic clinical features of this disease, but atypi-
cal presentations, especially in immunocompromised 

patients, may sometimes lead to misdiagnosis and inappro-
priate treatment. Molecular biology techniques to diagnose 
ocular toxoplasmosis have been available are now accessible 
in many countries. Aqueous humor or vitreous fluid evalua-
tion to detect parasite DNA by polymerase chain reaction is 
useful for rapid diagnosis [12, 13].

Oral pyrimethamine and sulfadiazine plus systemic cor-
ticosteroids are an effective therapy for ocular toxoplasmo-
sis. Recent data supports the use of other treatment 
approaches, including intravitreal clindamycin. For other 
treatment regimens, spiramycin is used to prevent congeni-
tal transmission from an infected mother, while pyrimeth-
amine, sulfadoxine, and folinic acid are used to treat the 
infected fetus.

Fig. 27.5 Advanced stage of Brau syndrome. Nine-year-old girl diag-
nosed with Brau syndrome. Mutation of NOD2 gene was detected, 
while her parents were not. She had blurred vision and red eye for 5 
years, had been treated with topical steroid. (a) Anterior segment of the 
patient. She presented bilateral anterior inflammation, with posterior 

synechia. (b) Progressive panuveitis with multifocal choroiditis. 
Macula area was severely damaged. (c) Choroidal neovascular mem-
branes (juxtapapillary and extrafoveal) were observed in the fluorescein 
angiography. (d) Subretinal scar and hemorrhage were observed 
beneath the fovea
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27.5  Ocular Cat-Scratch Disease

Bartonella henselae are facultative intracellular Gram- 
negative rods, and its infection has local or systemic features 
and related to cat-scratch disease [14]. The diagnosis is based 
on laboratory tests and clinical findings.

Bartonella infections sometimes cause uveitis with oph-
thalmic manifestations ranging from neuroretinits, vascular 
occlusion, to choroidal granulomas [15]. Cat-scratch disease 
causes a febrile illness with subacute regional lymphadenop-
athy. In many cases, there is a spontaneous resolution within 
4 weeks. However, severe and disseminated disease can 
occur in both immunocompetent and immunocompromised 
hosts. Prominent optic disc swelling (neuroretinitis) and vas-
cular leakage have been reported as common manifestations 
of ocular bartonellosis (Fig. 27.8). The use of several anti-
gens for serodiagnosis and real-time PCR assays for molecu-
lar diagnosis have been described. Despite the lack of a 
standard treatment, good visual outcomes were generally 
reported.

Parainfectious disorders of the nervous system include 
conditions that are temporally associated with antigenic 
stimuli or toxin exposure in the absence of direct invasion 

Fig. 27.6 Ocular toxoplasmosis showing focal-necrotizing retinocho-
roiditis. Nine-year-old boy suffered from sudden visual loss in the right 
eye. The patient was found to have significantly elevated serum titers of 
anti-Toxoplasma gondii IgG, followed by an appearance of a focal reti-
nal lesion typical of ocular toxoplasmosis. (a) Anterior segment of the 
patient. Presence of mutton-fat keratic precipitates and active inflam-

mation. (b) Exudative retinochoroiditis at macular area adjacent to an 
old chorioretinal scar. (c) The structure of fovea was severely damaged, 
suggesting necrotizing inflammation. (d) Fluorescein angiography 
revealed active inflammation at fovea, optic disc, and peripheral retinal 
artery. (e) Indocyanine green angiography revealed choroidal structure 
was also damaged in this patient

Fig. 27.7 Ocular toxoplasmosis mainly showing retinal vasculitis (by 
courtesy of Dr. Yoh-Ichi Kawano). Ten-year-old boy suffered from 
foggy vision in the left eye. The right eye was normal showing no sign 
of inflammation. The anterior chamber of his left eye presented slight 
cell infiltration. (a) The panorama fundus photo and fluorescein angiog-
raphy showed marked and multiple retinal vasculitis on the left eye. (b) 
He had an old scar lesion in the upper nasal retina (yellow rectangle), 
and inflammation expanding from there
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Fig. 27.8 Ocular cat-scratch disease. Fourteen-year-old girl suffered 
from sudden visual loss in the left eye. She had long-lasting fatigue and 
fever for a month. She had a cat for 5 years. She showed positive anti-B. 
henselae IgM and IgG antibodies detected by enzyme immunoassay 
and diagnosed as cat-scratch disease. She thus was treated with mino-

cycline hydrochloride. (a)–(c) Fundus photo, Fluorescein angiography, 
and OCT at initial visit. Prominent optic disc swelling (neuroretinitis), 
vascular leakage, and retinal detachment/retinoschisis. (d) Fundus 
photo, a month later. Showing partial macular star. (e, f) Fundus photo, 
3 months later. Showing normal optic disc and macula structure

of the nervous system. Pathogenetic mechanisms can be 
due to immune-mediated processes (such as bystander 
activation, molecular mimicry) or the inciting insult can be 
due to toxic factors. A myriad of clinical manifestations 
can occur including seizures, headaches, and mental status 
changes.

Diagnosis is based not only on the history, examination, 
and laboratory but also on epidemiological factors. Other 
parainfectious disorders such as legionellosis, Lyme bor-
reliosis, botulism, brucellosis, pertussis, and mycoplasma, 
each is associated with a distinct organism, has both sys-
temic and neurological manifestations, and has a different 
epidemiological profile.

The indication of antibiotic therapy depends on the 
severity of manifestation and the host immune status. Immu-
nocompetent patients sometimes do well for ocular compli-
cations without antimicrobial therapy. Immunocompromised 
patients usually show a dramatic response to treatment with 
either erythromycin or doxycycline.
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Coats’ Disease
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Abstract

Coats’ disease is an idiopathic condition characterized by 
peripheral retinal telangiectasia with intraretinal and subreti-
nal exudation. Isolated Coats’ disease is non- hereditary and 
the majority of cases are unilateral and affect young males, 
although bilateral and adult-onset cases do occur. Young chil-
dren tend to present with leukocoria or strabismus, while 
older children and adults usually present with subjective 
vision loss or as an incidental finding. The clinical severity at 
presentation can range widely from retinal telangiectasia only 
to total retinal detachment with secondary ocular complica-
tions. Treatment is indicated in most cases and is effective at 
achieving good structural outcomes. However, the long-term 
visual prognosis remains poor, especially in advanced cases.
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28.1  Introduction

Coats’ disease is an idiopathic condition characterized by 
abnormal development of the retinal vasculature. The retinal 
findings are characteristic, ranging in severity from periph-
eral retinal telangiectasia to massive subretinal exudation 
with retinal detachment [1]. It is important to accurately 
diagnose Coats’ disease as the clinical findings can overlap 
with other serious, potentially life-threatening conditions 
such as retinoblastoma. There are also effective therapies 
available for the abnormal retinal blood vessels in Coats’ dis-
ease which can improve clinical outcomes. As such, it is 
imperative to recognize the clinical manifestations of Coats’ 
disease in order to make a prompt diagnosis and optimize 
management.

28.2  Pathogenesis

Coats’ disease was first described in 1908 by Scottish oph-
thalmologist George Coats [2], who recognized the massive 
yellowish intraretinal and subretinal exudation, which is 
characteristic of the condition. Coats proposed that retinal 
hemorrhages were the primary lesion of the disease. 
Subsequent histopathological studies of Coats’ disease have 
revealed that the actual cause of the disease is likely congeni-
tal retinal telangiectasia (i.e., abnormal retinal vasculature) 
[3]. Leakage of serum, plasma, and blood cells from the 
abnormal retinal vasculature leads to the degeneration of 
retinal cells and the accumulation of lipid deposits and exu-
dation [4]. The disease is progressive, and subretinal exu-
dates can progress to retinal detachment, eventually leading 
to severe complications such as neovascular glaucoma and 
pthisis bulbi. Despite significant advancements in the under-
standing of Coats’ disease, it remains an idiopathic condition 
and an underlying etiology for the development of the con-
genital retinal telangiectasia has yet to be identified.
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28.3  Epidemiology

Coats’ disease is uncommon, with an estimated incidence of 
approximately 1 in 100,000 [5]. The vast majority of cases 
are unilateral, although rare bilateral cases have been 
reported [6, 7]. Approximately 80–90% of affected patients 
are male [5, 8]. The mean age of presentation is around 12 
years old, but this is biased by a small number of cases pre-
senting late in life. In general, most cases present in the first 
15 years of life (with a peak between the ages 5 and 10), with 
a much smaller number of cases presenting well into adult-
hood [9]. Isolated Coats’ disease is not an inherited condi-
tion and there are no known risk factors. In rare cases, Coats’ 
disease can be associated with other abnormalities of the 
brain, bones, and gastrointestinal system (i.e., Coats’ plus 
syndrome), which is caused by mutations in the STN1 gene 
and inherited in an autosomal recessive manner [10].

28.4  Presentation

The presentation of Coats’ disease depends on the age of the 
affected individual and severity of the disease. Young chil-
dren with advanced disease typically present with leukocoria 
(Fig. 28.1) or strabismus [5]. In less severe cases, Coats’ dis-
ease may be detected incidentally through school vision 
screening programs or during routine dilated eye examina-
tions. Older children and adults with Coats’ disease most 
commonly present with subjective changes in their visual 
acuity or visual field [5, 11].

28.5  Clinical Findings at Presentation

Coats’ disease can have a myriad of different clinical mani-
festations at presentation, relating to the severity of disease 
and the presence of ocular complications. A classification for 
disease severity at presentation has been described by Shields 
et  al. based on a large case series of over 150 patients 
(Table 28.1) [1]. This widely used classification system can 
be readily applied based on clinical examination findings and 
has been shown to have important prognostic value in several 
studies [8, 12]. In the classification system, all stages of 
Coats’ disease involve retinal telangiectasia. Stage 1 is the 
least severe with retinal telangiectasia only. In stage 2, there 
are retinal telangiectasia with exudation, either extrafoveal 
exudation (2A—Fig. 28.2) or foveal exudation (2B—Fig. 
28.3). In stage 3, there is associated retinal detachment, 
either subtotal (3A—Fig. 28.4) or total (3B—Fig. 28.5). 
Stage 4 involves total retinal detachment with secondary 
glaucoma (Fig. 28.6) and stage 5 is advanced end-stage dis-
ease with no chance for visual recovery (e.g., phthisis—Fig. 

28.7). While Coats’ disease can present with any stage of 
severity, the majority of newly diagnosed cases fall into 
either stage 2 or stage 3 [5].

Although the stage of disease can usually be identified on 
clinical examination, fluorescein angiography is often very 
useful in assessing the full extent of vascular changes and 
identifying areas of capillary non-perfusion, which are 
important factors in directing treatment (see Figs.  28.2–
28.4). In young children, fluorescein angiography generally 
necessitates general anesthesia. In order to minimize the 
duration of anesthesia and the time from diagnosis to treat-
ment, a fluorescein angiogram should be performed in the 
operating room and then immediately followed by treatment 
if possible.

28.6  Differentiation from Retinoblastoma

The most important condition to differentiate from Coats’ 
disease in infants and young children is retinoblastoma. This 
is a common diagnostic dilemma as both conditions often 
present with the same chief complaint (i.e., leukocoria and/
or strabismus) and the clinical appearance and neuro-imag-
ing findings can overlap [13–16]. It is imperative to try to 
avoid misdiagnosing retinoblastoma as Coats’ disease as this 
can directly lead to the death of a young child [17].

Fig. 28.1 Anterior photo showing advanced Coats’ disease, with leu-
kocoria of the left eye and a total retinal detachment visible just poste-
rior to the crystalline lens

Table 28.1 Classification system for severity of Coats’ disease at pre-
sentation [1]

Stage Definition
1 Retinal telangiectasia only
2 Retinal telangiectasia and exudation

A. Extrafoveal exudation
B. Foveal exudation

3 Exudative retinal detachment
A. Subtotal retinal detachment
B. Total retinal detachment

4 Total retinal detachment and secondary glaucoma
5 Advanced end-stage disease (blind eyes with retinal 

telangiectasia, exudation, total retinal detachment, and 
anterior chamber involvement or phthisis)
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a b

Fig. 28.2 Fundus photo (a) and fluorescein angiography (b) showing peripheral telangiectasia with extrafoveal exudation (Stage 2A)

a b

Fig. 28.3 Fundus photo (a) and fluorescein angiography (b) showing extensive, leaking peripheral telangiectasia with foveal exudation (Stage 2B)

a b

Fig. 28.4 Fundus photo (a) and fluorescein angiography (b) showing an inferior exudative retinal detachment with inferior retinal telangiectasia 
and both foveal and extrafoveal exudation (Stage 3A)
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In differentiating Coats’ disease from retinoblastoma, 
careful clinical examination is crucial. Both conditions 
can cause retinal detachment, dilated vasculature, and 
subretinal exudates/masses. In Coats’ disease, the subreti-
nal exudates are typically more yellow compared to a 
white mass in retinoblastoma. The presence of anterior 

segment cells is suggestive of advanced retinoblastoma, 
as is the presence of vitreous seeds (Fig.  28.8). 
Calcification is more typical of retinoblastoma, although 
there are reports of calcification in advanced Coats’ dis-
ease [18]. Retinal telangiectasia is more classic for Coats’ 
disease, but can also be present in both conditions. Neuro-
imaging with MRI and an examination under anesthesia 
with fluorescein angiography is often helpful in clarifying 
the diagnosis (Fig.  28.9). However, if the diagnosis 
remains uncertain, primary enucleation must be consid-
ered [19]. Although enucleation is certainly not the pre-
ferred primary treatment for Coats’ disease, the prognosis 
for useful vision in advanced cases of Coats’ disease is 
very poor. Therefore, if advanced retinoblastoma cannot 
be excluded, primary enucleation is the safest treatment 

a b

Fig. 28.5 External (a) and anterior segment (b) photos showing a total funnel retinal detachment with massive subretinal exudate (Stage 3B)

Fig. 28.6 Anterior segment photo showing neovascularization of the 
iris and mild corneal edema in a child with neovascular glaucoma due 
to advanced Coats’ disease with a chronic total retinal detachment 
(Stage 4)

Fig. 28.7 External photo showing end-stage advanced Coats’ disease 
(i.e., phthisis bulbi) with a dense cataract and corneal neovasculariza-
tion and opacification (Stage 5)
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option in order to minimize risk to the child’s life, while 
sacrificing an eye that was very unlikely to ever have 
meaningful vision.

28.7  Treatment

The majority of cases of Coats’ disease can benefit from 
treatment. In very mild cases (stage 1), treatment may be 
unnecessary, and in very advanced cases (stage 5), treatment 
is likely futile. However, for a large majority of Coats’ dis-
ease cases, the severity is in stages 2–4 at diagnosis, so treat-
ment is indicated. Given the poor prognosis for vision with 
or without treatment, the main benefit of therapy is to treat 
leaking retinal telangiectatic vessels and resolve exudate and 
retinal detachment in order to minimize the risk of long-term 
complications such as neovascular glaucoma, rubeosis iridis, 
cataract, and phthisis bulbi [8].

Primary treatment is usually with either cryotherapy or 
laser photocoagulation, both of which can be effective at 
treating leaking telangiectatic vessels and resolving exu-
dates. At most centers, the preferred current treatment 
modality is laser photocoagulation (Fig.  28.10). However, 
peripheral retinal telangiectasia in the setting of total retinal 
detachment may preclude effective laser photocoagulation, 
so cryotherapy may still be useful in this setting [20]. In 
advanced cases of Coats’ disease with a total exudative reti-
nal detachment, posterior sclerotomy or pars plana vitrec-
tomy may be needed to try to achieve an acceptable structural 
result (Fig.  28.11) [21, 22]. Following primary treatment, 
patients need to be monitored long term as recurrent disease 
is common and repeat treatment is often necessary [23].

A recent trend in treatment is the use of intravitreal anti- 
VEGF (vascular endothelial growth factor) agents as an 
adjunct to primary treatment. The underlying concept is that 
anti-VEGF agents can decrease the vascular permeability of 

a b

c d

Fig. 28.8 Comparison of Coats’ disease and retinoblastoma with fun-
dus photos and B Scan ultrasounds. Fundus photo of advanced Coats’ 
disease (a) shows many telangiectatic vessels with a funnel retinal 
detachment. Fundus photo of advanced retinoblastoma (b) showing 

fewer retinal telangiectasia, a white subretinal mass and inferior vitre-
ous seeds. B Scan ultrasound shows a funnel retinal detachment in 
Coats’ disease (c) compared to a solid mass with calcifications in reti-
noblastoma (d)
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capillary endothelial cells, thereby improving the effective-
ness of laser ablation [24]. Several case series have reported 
promising results, although there are concerns about an 
increased risk of vitreous fibrosis and tractional retinal 
detachment [24–27].

28.8  Prognosis

The visual prognosis of Coats’ disease has been historically 
quite poor [1, 28]. However, with more aggressive use of 
laser ablative therapy, surgical intervention for retinal detach-
ment, and the recent introduction of intravitreal anti-VEGF 
agents, there has been a gradual trend of improving outcomes 
[29]. Structural outcomes in particular have improved with 
aggressive treatment. Even in cases with total retinal detach-
ment, treatment can usually achieve anatomic success, which 
decreases the risk of phthisis bulbi and enucleation [21, 
30–32].

Unfortunately, functional outcomes remain poor, espe-
cially in advanced disease [1]. The disease severity at pre-

sentation is the most important prognostic factor in the final 
visual outcome [33]. Eyes that present with a total retinal 
detachment (stage 3B or worse) have essentially no chance 
of achieving useful vision and most end up with no light 
perception vision despite aggressive treatment [28]. Eyes 
with extensive foveal exudation at diagnosis (stage 2B) also 
have a high rate of subfoveal fibrosis and a very poor prog-
nosis for visual acuity. Young age at diagnosis has been 
associated with a worse visual outcome, although this may 
be due to the fact that young children usually present with 
leukocoria or strabismus, which only occurs once the dis-
ease is advanced and vision is poor [5]. If Coats’ disease is 
detected at an early stage, good long-term visual outcomes 
are possible. Approximately 50% of stage 2 eyes ultimately 
achieve a visual acuity of better than 20/200 and a smaller 
proportion have normal visual acuity, generally if the telan-
giectatic vessels can be treated prior to foveal involvement 
[1]. Ultimately, improving the long-term visual outcomes of 
Coats’ disease will likely require advancements in treatment 
as well as methods of consistently detecting the condition at 
an early stage.

a b

Fig. 28.9 MRI (Sagittal, T2-weighted) comparison of Coats’ disease 
to retinoblastoma. MRI of Coats’ disease (a) showing a funnel-shaped 
retinal detachment, a cystic and slightly thickened appearance of the 
detached retina, and no discernable mass. MRI of retinoblastoma (b) 

showing a funnel-shaped retinal detachment, significant retinal thicken-
ing, and a solid mass originating from the inferior/anterior aspect of the 
retina
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a b

c d

Fig. 28.10 Laser photocoagulation treatment of Coats’ disease. A fun-
dus photo of the left eye (a) shows foveal exudation and a fluorescein 
angiogram (b) shows peripheral telangiectasia with capillary non-perfu-
sion. A single session of laser photocoagulation to the peripheral telangi-

ectatic vessels and areas of non-perfusion was performed. Following 
treatment, the foveal exudates gradually resolved with a small area of 
subfoveal fibrosis (c). Peripheral fundus photo (d) several months after 
treatment shows scarring of the abnormal peripheral retinal vessels
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Fig. 28.11 Treatment of an exudative retinal detachment with poste-
rior sclerotomy and drainage of subretinal fluid. (a) A 180-degree con-
junctival peritomy is made and the rectus muscles are bridled with silk 
sutures. (b) A sclerotomy is made near the equator with a Beaver blade 

until the uvea is exposed. (c) The subretinal space is entered with a 
30-gauge needle until subretinal fluid is expressed. (d) Cotton-tip appli-
cators are used to gap the sclerotomy opening to facilitate drainage of 
the straw-colored subretinal fluid
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Abstract

Stickler Syndrome (SS) is a hereditary disease of the vit-
reous collagen matrix that is composed of collagen Types 
II, XI/V, and IX. SS is a major contributor to nontraumatic 
rhegmatogenous retinal detachment (RD) in children. 
50–70% of SS patients develop RD. The authors describe 
both the ocular and the non-ocular expressions of the SS 
collagen mutations. They focus on the diagnosis and 
 management of SS, including phenotypic features and 
variations. Special attention is given to identification of 
Type I (membranous) vitreous anomaly because it is the 
gateway to expert management of ocular complications of 
SS.  Other key topics include recommendations for 
Stickler suspects as well as the efficient diagnosis for 
genetic and retina consultants, proper patient surveil-
lance, the role of prophylaxis, and advanced surgical tech-
niques for repair of retinal detachment associated with 
giant retinal tear.

Keywords

Vitreous anomaly · Giant retina tear · Pediatric retinal 
detachment · Prophylaxis · Collagen mutation

29.1  History

In June of 1965 Gunnar Stickler et al. reported on a family 
pedigree of 6 generations and 64 members [1]. In affected 
family members, they found myopia ranging from 8 to 18 
diopters with a large proportion showing retinal detach-
ment (RD) and blindness. They found that all affected 
members showed joint abnormalities. The long bones 
findings included hypermobility, stiffness, abnormal 
articular surfaces, and degeneration. The pedigree sug-
gested an autosomal dominant pattern. The condition was 
termed hereditary progressive arthro-ophthalmopathy. 
The joint findings suggested defective cartilage. Finally, 
three members of the pedigree were also noted to have 
cleft palate.

After this initial report further features were identified: 
midfacial hypoplasia, low nasal bridge, low bulbous nasal 
tip, cleft palate [2] (full or partial), bifid uvula, Pierre 
Robin sequence (PRS) [2, 3], disorder of teeth, including 
crowding, hearing disorder (conductive and sensorineu-
ral), mild spondyloepiphyseal dysplasia, vitreous anomaly, 
early cortical cataract, RD, giant retinal tear (GRT), retina 
breaks, lattice and perivascular lattice and perivascular 
pigment [2, 4–10].

The constellation of findings pointed toward connective 
tissue disorder involving the cartilage and vitreous. As the 
molecular biology of collagen advanced, the importance of 
type II collagen in both vitreous and cartilage was clari-
fied, and it became a very strong candidate for this disor-
der. In 1987, Francamono et  al. [11] found a linkage 
between the affected patients and their COL2A locus. In 
1991 Ahmad [12] identified a linked polymorphism in 
COL2A with a single base mutation causing a stop codon 
and a truncated type 2 procollagen protein. This abnormal 
protein leads to disruption in the assembly of the vitreous 
fibrllar structure (Fig. 29.1).
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Fig. 29.1 Process of Collagen Fiber assembly. (a) Depicts fibrillar col-
lagen assembly in the vitreous for type II and type XI. (b) Depicts inser-
tion of type V and type IX collagen within the fibril structure of the 
vitreous. Vitreous collagen constituents include type II, a hybrid of type 

V and type XI, and type IX (Reproduced with permission from Mouw 
JK, Ou G, Weaver VM.  Extracellular matrix assembly: a multiscale 
deconstruction. Nature Reviews Molecular Cell Biology. 
2014;15(12):771-785. PubMed PMID: 25370693)
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29.2  Genetics and Clinical Categories

Currently, Online Mendelian Inheritance in Man (OMIM) 
identifies four forms of Stickler Syndrome (SS). Stickler 
Syndrome type I (STL1) is caused by heterozygous muta-
tion in the COL2A1 gene (OMIM 120140) on chromosome 
12q13. Stickler Syndrome type II (STL2) is caused by het-
erozygous mutation in the COL11A1 gene (OMIM 120280) 
on chromosome 1p21. Stickler Syndrome type IV (STL4) 
is caused by a homozygous mutation in the COL9A1 gene 
OMIM 120210) on chromosome 6q13. Stickler Syndrome 
type V (STL5) is caused by a homozygous mutation in the 
COL9A2 gene (OMIM 120260) on chromosome 1p34.

This numbering of the types of SS reflects that formerly, 
there were five forms of SS. This included “non-ocular stick-
ler disease” as Stickler syndrome type III.  It was renamed 
autosomal dominant otospondylomegaepiphyseal dysplasia 
(OSMEDA), also known as Weissenbacher–Zweymuller 
syndrome (WZS). It is caused by heterozygous mutation in 
the COL11A2 gene (OMIM 120290) on chromosome 6p21. 
The vitreous is not affected in OSMEDA because collagen 
type V from the COL5A2 gene replaces collagen type XI 
from the COL11A2 gene in the vitreous [13].

Currently, the type I SS has two phenotypes; the predomi-
nantly ocular stickler (non-syndromic) and the syndromic 
subgroup with both eye and non-ocular features. This occurs 
either from mutations causing alternate splicing abnormali-
ties related to exon 2 mutations [14] or “mild” mutations that 
lead proteins with reduced biophysical impact on the result-
ing collagen function [15].

Aside from SS, there are quite a large number of COL2A1 
syndromes, each of which has a particular phenotypic descrip-
tion (Table 29.1) (OMIM 120140). Since they affect the same 

type 2 procollagen product that is shared by cartilage and vit-
reous there is significant overlap. Spondyloepiphysial 
Dysplasia Congenita and Kniest Dysplasia are relatively large 
groups. These more common syndromes have established RD 
risk [16, 17], and patients with these phenotypes should be 
treated similar to SS. Although in some rare phenotypes, RD 
has not been described, we consider it biologically likely that 
a set of COL2A1 mutations with significant cartilage abnor-
mality result in abnormal vitreous fibrillar structures and, 
therefore, a increased risk of RD. As a result we treat all these 
key collagen gene syndromes similair to SS. We recommend 
this biology based approach as a practical solution for uncer-
tainty regarding the rare COL2A1 and COL11A1 syndromes 
until we have relevant patient experience, and directly observe 
the presence or absence of vitreous anomaly and retinal dis-
ease. We also look forward to communication with other spe-
cialists on this topic in order to test our biologically based 
practice.

29.3  Diagnosis: Patient Presentation 
Categories, and Key Clinical Features

We see four categories of patients among new patient refer-
rals. The examinations of these patients are both diagnostic 
and therapeutic. In the office, our exam emphasizes SS 
(Tables 29.3 and 29.4) features and the associated family his-
tory of RD. The first group, and least surprising, are patients 
sent because of newly diagnosed SS by a geneticist usually 
because of a defined family history or a genetics work up of 
PRS or cleft palate. In these patients, the central question is 
the presence of RD or RD risk. The most troubling subset 
within this group of patients are those with developmental 

Table 29.1 COL2A1 phenotypes (OMIM 120140)

Location Phenotype Phenotype MIM number Inheritance Phenotype mapping key
12q13.11 Achondrogenesis, type II or hypochondrogenesis 200610 AD 3

Avascular necrosis of the femoral head 608805 AD 3
Czech dysplasia 609162 AD 3
Epiphyseal dysplasia, multiple, with myopia and deafness 132450 AD 3
Kniest dysplasia 156550 AD 3
Legg–Calve–Perthes disease 150600 AD 3
Osteoarthritis with mild chondrodysplasia 604864 AD 3
Platyspondylic skeletal dysplasia, Torrance type 151210 AD 3
SED congenita 183900 AD 3
SMED Strudwick type 184250 AD 3
Spondyloepiphyseal dysplasia, Stanescu type 616583 AD 3
Spondyloperipheral dysplasia 271700 AD 3
Stickler syndrome, type I, nonsyndromic ocular 609508 AD 3
Stickler syndrome, type I 108300 AD 3
Vitreoretinopathy with phalangeal epiphyseal dysplasia 3
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delay and self-injurious behavior, many of whom may have 
tracheostomies. This behavior simultaneously induces RD 
and obscures its discovery.

The second group of new referrals are patients (children 
and adults) with Rhegmatogenous RD (RRD). Clearly, the 
primary response is surgical repair. However, we also empha-
size a careful SS-oriented family history (Table  29.2) and 
trauma history.

Then, we study both eyes looking for the special SS find-
ings (Table 29.3); cortical cataract (Figs. 29.2a, b and 29.3a, 
b) vitreous anomaly (Figs. 29.4a–c, 29.5, 29.6, 29.7, 29.8), 
GRT (Figs. 29.9, 29.10, 29.11, 29.12a–d) and perivascular 
lattice (Fig. 29.13) are most specific. While taking the his-
tory of trauma it is important to consider its role in the RD: 
was trauma the sole cause, a contributor in the context of 
underlying genetic risk, or an occasion to discover a preex-
isting RD. We observe that in a healthy pediatric eye with 
well-formed vitreous (Figs. 29.14 and 29.15) there is often a 
slow, insidious course with a long delay from traumatic event 
to clinical detection of RD. Therefore, the state of the ante-
rior vitreous will again help in assessing the contribution of 
the trauma described. Finally, we will also observe and 
examine for some non-ocular signs of SS (Table 29.4). Taken 
together, this careful evaluation will help determine whether 
the second eye has high risk or normal risk of RD. After the 
repair, we examine as many family members as possible and 
begin surveillance of the members with probable clinical SS 
(Table 29.5). We attempt to clarify the diagnosis and offer 
prophylaxis to patients with significant risk. This will include 
all eyes contralateral to GRT as well as clinical SS. If they 
have any of the SS molecular pathologic mutations we will 
recommend prophylaxis. Our prophylaxis targets the retina 
in the region of the vitreous base and just posterior to it, it 
will be described below. We will also limit contact sports and 
very high impact activities. The surveillance of children who 
are preverbal and/or unaware is especially important.

Table 29.3 Eye examination for ocular findings of Stickler Syndrome

Myopia
Vitreous anomaly: anterior slit lamp membranous (type 1), beaded 
(type 2), empty (atypical)
OPTOS vitreous opacity in sheets
OCT dense cortical vitreous
Cataracts (especially cortical and wedge-shaped)
Perivascular lattice or pigment disruption
Typical lattice
Posterior staphyloma
RD (especially GRT)

Key: OPTOS = Ultra-wide field retinal imaging (Optos P200Tx, Optos, 
Scotland, UK)
OCT optical coherence tomography, RD retinal detachment, GRT giant 
retinal tear

Table 29.4 Characteristic non-ocular findings for diagnosis of Stickler 
Syndrome

Midfacial hypoplasia ranges of malar hypoplasia, broad or flat nasal 
bridge, indistinct nasal structure.
Incomplete palate: ranges from open cleft, submucous cleft, to bifid 
uvula.
Mandibular hypoplasia: micrognathia, PRS.
Auditory: high-frequency sensorineural hearing loss.
Skeletal: mild spondyloepiphesia dysplasia, Slipped epiphysis, 
scoliosis, spondylolisthesis, or Scheuermann-like kyphotic 
deformity, osteoarthritis before age 40. Hyperextensibility.

Key: PRS Pierre Robin sequence

Table 29.2 Questions for children with retinal detachment

Family history of SS
Family history early-onset myopia
Family history of RD or blindness
Family history of early or childhood cataract
Family history of cleft palate
Family history of congenital airway problems
Family history of early-onset hearing impairment
Family history of joint pain join replacement or early arthritis

Key: SS Stickler syndrome, RD retinal detachments S1

a b
Fig. 29.2 (a, b) Figure 
shows a small off-axis 
posterior cataract. The exam 
also found anomalous 
vitreous, cataract and 
EOHM. This is a SS suspect 
because the findings are very 
suggestive and referral to 
genetics and surveillance are 
recommended. An additional 
criterion would be needed 
before recommending 
prophylaxis, see text
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a b
Fig. 29.3 (a, b) Figure 
shows a small teardrop- 
shaped off-axis cataract in 
and otherwise clear lens

a b c

Fig. 29.4 (a–c) These are Type 1 vitreous anomaly from three differ-
ent families. The patients were young with clear lenses. They show 
membranous interface reflections with folding and scant vitreous. 
Absence of or minimal fibrillar structure. In children this is a strong 

finding for SS and makes the patient a SS suspect and referral to genet-
ics, surveillance, and eye protection would be started. See text for a 
detailed discussion of our practice pattern

Fig. 29.5 Wide-field fundus image (OPTOS) shows an anomalous vit-
reous that we have not seen in non-SS cases even among adults Fig. 29.6 Wide-field fundus image (OPTOS) shows an anomalous vit-

reous with sheets of folded vitreous
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The third group of new referrals are patients with early- 
onset high myopia (EOHM). We have been passively accept-
ing these referrals without a specific indication. Zhou et al. 
proved the value of a criterion for EOHM of −6 diopters at 7 
years for molecular study and discovery of SS [18]. EOHM 
does not require specialized retina equipment and is a sensi-
tive and easy feature to trigger investigation for SS. In that 
sense, it has potential as a useful indication for SS screening. 
However, since it is seen in many other circumstances and is 
not present in all SS with molecular proven mutations, it is 

Fig. 29.7 OCT shows a band of cortical attached to retina. Our experi-
ence indicates that this is common in SS but not in normal eyes or in 
myopic children and warrants a particularly careful slit-lamp exam. It 
can be seen in myopic adults, therefore, this is more suggestive than 
definitive

Fig. 29.8 Retroillluminated view of a beaded vitreous anomaly. This 
anomaly is more often seen with COL11A2 mutations or Type 2 
Vitreous Anomaly

Fig. 29.9 Figure shows a fresh GRT without PVR. The disc can be 
seen through a partially transparent folded flap of retina

Fig. 29.10 Figure shows a moderate funnel and GRT.  The funnel 
shows moderated fixed folds and the superior nasal GRT flap edge is 
scrolled. Because of PVR and GRT, there is poor countertraction. The 
scrolling has a membrane on the inner retina surface and requires 
patient work. The posterior PFCL and anterior bimanual surgery may 
open and mobilized the edge with careful effort. Often there is pigment 
that marks the membranes

Table 29.5 Surveillance: A program of examinations for children with 
Stickler Syndrome to detect retinal detachments before severe prolifer-
ative vitreoretinopathy occurs

Examinations begin at 6 months.
Follow-up examinations at 3–4-month intervals until reaching 
developmental states that allow clear and reliable communication.
Between examinations, the parents are instructed to perform home 
examinations to detect change in unilateral vision (cover each eye 
and test for age-appropriate responses to visual stimuli).
Ultrasound may help augment incomplete examinations and 
probably detect posterior RD in 85–90% of cases.
Perform EUA at risk estimate 15%: indicated to follow-up on 
suspicion and when no examination beyond ultrasound is possible.
Special examinations after eye trauma events.

Key: RD retinal detachments, EUA examination under anesthesia
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a b

Fig. 29.11 (a, b) Top shows a dislocated PCIOL with RD.  Right 
shows inferior GRT with very mild edge rolling. This child had a tra-
cheostomy, developmental delay, and was non-verbal. She banged her 
head against surfaces when frustrated or upset. This activity was evi-
dent in the office during the exam. The PVR was mild. The mildness of 

the PVR allowed surgery without the use of bimanual active instru-
ments. However, the inferior GRT required a face-down position. The 
IOL was removed. Postoperative she was admitted to the ICU for 
sedated, face down-position

a b

c d

Fig. 29.12 (a–d) This is a GRT after ineffective Scleral Buckle pro-
phylaxis. We found no areas of chorioretinal adhesion. This treatment 
had no effect on the prognosis and shows the importance of treating the 
vitreous base to induce chorioretinal adhesion. The secondary goal of 

prophylaxis is to reduce the failure rate by changing the RD from con-
figuration from GRT to RD with single or multiple small breaks. These 
latter detachments have lower PVR rates
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not specific enough to function as a strong inclusion or exclu-
sion diagnostic criterion. Seven years old is quite a late 
moment for diagnosis, since a significant percentage will 
have already suffered a retinal detachment at that point. 
Therefore, −3 diopters under the age of 5 years seems a more 
useful screening threshold.

Finally, a fourth group of patients are referred because of 
a family history of RRD. This history is a clinical indication 

for continued observation of patients with or without 
EOHM. In order to provide evidence for an inherited risk, a 
family history of RD requires a minimum is two family 
members. Of course, in case of a suspected inherited risk of 
RD, for example, a sibling or parent with RRD, they should 
also be examined for vitreous anomaly and other SS find-
ings, and the pedigree should be invited for retina care. 
Indeed, all these children with non-specific features such as 
EOHM or RRD pedigree are examined for ocular (Table 29.3) 
and non-ocular signs (Table 29.4) of SS.

29.4  Diagnostic Criteria for SS and Clinical 
Practice Pattern

There is a proposed formal diagnostic schema geared to 
pediatric geneticists and pediatricians that emphasizes the 
non-ocular findings [19] (Table 29.6).

Although some criteria are based on direct observations, 
others are based on testing performed by radiology and audi-
ology. Although published in 2005, the ease of molecular 
testing has probably supplanted the diagnostic motivation for 
radiology. Nonetheless, they remain important tests for ther-
apeutic evaluation of patients with SS. Moreover, this diag-
nostic schema may not detect the ocular predominant form 
of STL1 who will be found especially among our patients. 
Therefore, it would be counterproductive to require five 
points if there is a strong ocular phenotype.

The pediatric retina specialist’s tools to directly examine 
the vitreous structure provide wonderful opportunities for 
both clinical and experimental study of type II collagen. It 
takes a short time to learn to differentiate normal well- formed 
vitreous from abnormal vitreous. A more sustained effort is 

Fig. 29.13 Figure shows perivascular lattice with pigmentation. This 
is a highly specific finding for SS. When added to vitreous anomaly we 
will consider this combination adequate for the clinical diagnosis of 
SS. We prefer more clinical criteria, family history, or molecular confir-
mation and will refer this patient to genetics. However, this combina-
tion of vitreous anomaly and perivascular lattice is the minimum criteria 
for an informed discussion and recommendation of prophylaxis laser. 
We speculate that there may be rare masquerades without SS but have 
not yet encountered that case. This possibility might be part if of the 
informed discussion

Fig. 29.14 This is an example of an early-onset high myopia (EOHM) 
referral who displayed a well-formed anterior vitreous with continuous 
fibrils and no bright interfaces. We have never seen a well-formed vitre-
ous in our cohort of stickler patients. Therefore, we consider this find-
ing an exclusion criterion for SS

Fig. 29.15 This figure shows a well-formed vitreous in a myopic 
woman in her 50s with PCIOLG. The PCIOL allows an enhanced view 
of the anterior vitreous. Syneresis is common in this age group without 
Stickler and there are indeterminate exams. However, a normal well- 
formed vitreous has not been seen or reported in ocular or combined 
ocular and systemic stickler syndrome
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needed to identify vitreous anomaly as a subtype of abnormal 
vitreous. The tools we use clinically include slit- lamp biomi-
croscopy, optical coherence tomography (OCT), ultrasound, 
and wide-field laser fundus photography. We included multi-
ple examples to help model a range of vitreous phenotypes 
(Figs. 29.4–29.7, 29.14, 29.15). The vitreous is the best in-
vivo subject for the detection of the collagen abnormality of 
SS [20].

The diagnostic criteria used by Snead and Yeats for 
research purposes are: (1) congenital vitreous anomaly and, 
any three of the following: (2) myopia with onset before 6 
years of age, usually stable, (3) RRD or para-vascular pig-
mented lattice degeneration, (4) joint hypermobility with 
abnormal Beighton score, with or without radiological evi-
dence of joint degeneration, (5) audiometric confirmation of 
sensorineural hearing defect, and (6) midline clefting [21]. 
They also suggest a vitreous-based algorithm for efficient 
molecular testing (Fig. 29.16).

In our clinical practice, the diagnostic criteria for SS 
evolved organically since our first identified case in 1994 and 

was influenced by Snead and Yeats [21] as well as Rose et.al. 
[19]. Our clinical criteria are: (A) congenital vitreous anom-
aly (typical) and two (B) items: (1) Family history of RD, (2) 
perivascular lattice, (3) GRT, (4) systemic findings in the 
patient or in the pedigree, (5) oro-facial hypoplasia (nasal 
hypoplasia, cleft, mandibular (PRS) hearing impairment, or 
(6) joint findings of dysplasia. The basic oro-facial exam is 
within our experience. We accept the presence of a hearing 
aid in a child as a sign of impairment. The single most help-
ful eye finding is a normally formed vitreous (Figs.  29.14 
and 29.15). Since we have never seen a normal patient among 
our SS pedigrees, we consider a normal vitreous structure 
the most definitive exclusion criterion for clinical SS.

Discovering any one of the specific eye findings would lead 
us to consider the patient a SS suspect, and we would refer to 
genetics expecting a more complete systemic evaluation as 
well as molecular confirmation. Discovery of three criteria 
(vitreous anomaly plus two items from the B list) will lead to 
clinical SS diagnosis that includes high-grade surveillance, 
recommendation of prophylaxis, and activity precautions. 
GRT alone without any other findings will lead to contralateral 
eye prophylaxis because of the influence of H.  Mackenzie 
Freeman [22]. Otherwise, in suspect-only cases we do high-
grade surveillance and study the pedigree; we will discuss pro-
phylaxis, but not recommend it pending further evidence.

Finally, we also discuss the importance of the SS for preg-
nant mothers and children and recommend notification of the 
primary care physician and obstetrician. Timely prenatal 
referral and diagnosis is very important because it allows 
preparation for airway difficulties and can avoid cerebral 
anoxia with potential neurologic implications [23].

29.5  Management

29.5.1  Surveillance

Once a patient is diagnosed with SS, we recommend a pro-
gram of monitoring in order to detect a new RD within 3 
months (Table 29.5). This is likely to allow an efficient repair 
of GRT detachments before the development of severe pro-
liferative vitreoretinopathy (PVR). PVR reduces the struc-
tural and visual outcomes of GRT repairs [24, 25].

We consider this guideline a work in progress that will 
change as more data is collected. Since we have repaired a 
SS patient at 8 months with a GRT (Fig. 29.21), we suggest 
a first exam at 6 months. After the initial exam, we recom-
mend follow-up examinations every 3–4 months. Under the 
age of 1 year, the exam would be with a papoose constraint 
and using indirect ophthalmoscopy (IO) with scleral depres-
sor and speculum. At ages 1–3, the child sits on the parent’s 
lap without constraint, and IO set at the lowest light intensity. 
Additionally, we supplement the IO exam with a B-scan 
ultrasound study. We recommend EUA annually until the 

Table 29.6 Diagnostic criteria for Type 1 Stickler Syndrome 
(Reproduced with permission from Rose PS, Levy HP, Liberfarb RM, 
Davis J, Szymko-Bennett Y, et al. Stickler syndrome: clinical character-
istics and diagnostic criteria. Am J Med Genet A. 2005 Oct 
15;138A(3):199-207. PubMed PMID: 16152640)

Orofacial abnormalities (2 points maximum)
2 
points

Cleft palate (open cleft, submucous cleft, or bifid uvula) 
(major)

1 point Characteristic face (malar hypoplasia, broad or flat nasal 
bridge, and micro/retrognathia)

Ocular abnormalities (2 points maximum)
2 
points

Characteristic vitreous changes or retinal abnormalities 
(lattice degeneration, retinal hole, retinal detachment or 
retinal tear) (major)

Auditory abnormalities (2 points maximum)
2 
points

High frequency sensorineural hearing loss (major)

Age < 20: threshold ≥20 dB at 4–8 kHz

Age 20–40: threshold ≥30 dB at 4–8 kHz

Age >40: threshold ≥40 dB at 4–8 kHz
1 point Hypermobile tympanic membranes
Skeletal abnormalities (2 points maximum)
1 point Femoral head failure (slipped epiphysis or Legg–Perthes- 

like disease)
1 point Radiographically demonstrated osteoarthritis before age 

40
1 point Scoliosis, spondylolisthesis, or Scheuermann-like 

kyphotic deformity
Family history/molecular data
1 point Independently affected first degree relative in a pattern 

consistent with autosomal dominant inheritance or 
presence of COL2A1. COL11A1, or COL11A2 mutation 
associated with Stickler syndrome

Diagnosis requires
5 or more points
At least one major 2-point manifestation
Absence of features suggestive of a more severe skeletal 
dysplasia or other syndrome (e.g., stature <5th percentile)
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child allows an exam of the posterior and anterior retina, or, 
in cases where prophylaxis has been performed, until the 
zone of chorioretinal atrophy can be seen. Wide-field office 
imaging (e.g., Optos) can also be quite useful in viewing the 
peripheral retina in young and partially cooperative children 
since the imaging laser has a rapid capture with low-intensity 
and is less bothersome. EUA is recommended for suspicion 
of break or RD or in event of significant trauma. At 3 years 
or when the child is able to communicate and follow instruc-
tions, we attempt to train the child with frequent friendly 
exams that are rewarded. The office exams and annual EUAs 
continue until around 7 years old or when the child can fully 
cooperate with the parents and demonstrate clear communi-
cation skills. As young as possible, we ask the parents to test 
each eye for “normal” vision on a monthly basis. We instruct 
them to cover each eye separately and elicit a verbal or 
behavioral response to age-appropriate visual stimuli.

29.5.2  Prophylaxis and Degrees of Uncertainty

The controversy about prophylaxis is not about whether it is 
better to prevent an RD or treat it after it occurs, but rather 
what is an effective and safe preventative treatment. The dis-
cussion of prophylaxis has a few sources of complexity. First, 
there is a definitional variability of retina prophylaxis. For 
example, the prophylaxis for RD as described by the American 
Academy of Ophthalmology (AAO) surrounds the retina 

break and areas of lattice of fellow eyes with three rows of 
laser [26], while the Cambridge stickler prophylaxis data 
shows a single row of cryotherapy spots around the retina just 
behind the ora serrata [27, 28]. Our general sense is that pro-
phylaxis is learned during training and therefore the proce-
dure is highly influenced by each surgeon’s particular 
educational lineage. For example, MJS was a fellow under 
Dr. Charles Schepens and H. Mackenzie Freeman. Both were 
masters of the peripheral retina and treated the retina contra-
lateral to GRT with 360-degree anterior extensive cryother-
apy or scleral buckle with diathermy (Fig. 29.17). Thus, the 
term “retina prophylaxis” refers to very different treatments 
both in modality of adhesion and target of adhesion.

Second, even with a similar intention of treatment, there 
is a difference in implementation from physician to physi-
cian and case to case; clearly, the effect of pupil size and lens 
opacity will influence the visualization of the target tissue, 
consequently changing the settings for treatment and the 
visual feedback. Third, there may be a difference in response 
among the different phenotypes and subtypes. This complex-
ity may be a source of variability in outcomes which leads to 
different practice patterns. While we have seen a very low 
rate of failure after GRT prophylaxis with our protocol. We 
have occasional cases that present after other treatments 
(Figs. 29.12a–d and 29.18). We are not in a position to know 
the ratio of success to failure for other practices. However, 
practitioners that have seen poor outcomes after prophylaxis 
ought not to adopt it as a standard treatment [29, 30].

MDT Assessment
(Vitreoretinal, audiology, musculoskeletal, radiology)

Hypoplastic phenotype or
unknown if previous
bilateral vitrectomy

Membranous
vitreous

phenotype

Screen
COL2A1

Linkage
analysis

Screen
COL11A1

Minigene analysis
if required to

confirm
pathogenicity

Uninformative: screen
COL2A1 first, negative

screen COL11A1

Minigene analysis
if required to

confirm
pathogenicity

Screen
COL11A2

Normal
Vitreous

Beaded vitreous
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Fig. 29.16 Algorithm for gene selection and mutation analysis in 
Stickler Syndrome based on vitreous phenotype (Reproduced with 
permission from Snead MP, Mcninch AM, Poulson AV, et al. Stickler 

syndrome, ocular-only variants and a key diagnostic role for the ophthal-
mologist. Eye. 2011;25(11):1389–1400. PubMed PMID: 21921955)
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The Cambridge group has taken an effort to standardize 
and describe their treatment and have presented data that 
supports its use [27, 28]. Although there is no identifiable 
bias, some bias may exist in the absence of a randomized 
controlled trial (RCT), and an RCT is not possible without a 
very large multi-center study. At this time, it remains the best 
evidence on which to base treatment. A review of other series 

reporting no benefit after prophylaxis seems significantly 
less persuasive because of ill-defined selection criteria and 
treatment patterns [29, 30].

We recommend the reader study the video in the supple-
mentary material section of the Cambridge paper as a guide 
for surgeons interested in performing prophylaxis [28]. The 
targeting of the area of the GRT has a biologic basis. The 
collagen fibrillar orientation (Fig. 29.19) and vitreoretinal 
interface are different at the vitreous base when compared 
to the equatorial retina. Chorioretinal adhesion in the area 
that is vulnerable to GRT tears is more likely to prevent 
GRT than treatments that induce adhesions in other parts of 
the retina [27]. The preference of cryotherapy over other 
forms of chorioretinal adhesion (i.e., diathermy or laser) 
might be an important difference [29, 30]. However, it does 
not have an obvious compelling historical or biophysical 
basis [22, 31, 32].

Our only concern about the Cambridge protocol is that 
the skill needed for using cryotherapy may not be easy to 
transfer, confirm, or document. The precise application of 
contiguous cryotherapy applications, as seen in the supple-
mental video of the Cambridge Protocol report [28], requires 
strong cryotherapy experience and skill that was more com-
mon in previous generations. Generally, laser treatment is an 
easier skill because it provides better defined and more 
immediate visual feedback to the surgeon. Laser is the most 
common and effective method of inducing chorioretinal 
adhesion throughout vitreoretinal surgery, including the sur-
gical repair of GRTs. Based on evidence for the equivalence 
of laser and cryotherapy [31, 32], in our center, we target the 
area of GRT extending from the ora posterior to the anterior 
part of the equator. Applying about 10 rows of laser, more or 
less to the equator. We use Laser Indirect Ophthalmoscope 
(LIO). The well-defined photocoagulation spot guides the 
treatment and helps the surgeon determine the adequacy of 
the treatment. Figure 29.20 shows our pattern of treatment.

While SS prophylaxis is targeted to the GRT, typical cir-
cumferential lattice may also be present and its treatment 
may be helpful. The treatment of circumferential lattice is 
standard for our practice; however, perivascular lattice is an 
uncertain target. Since it often extends to the posterior retina, 
we choose to treat it only anterior to the equator, within or 
near the usual target area for GRT prophylaxis. The most 
posterior areas are observed for development of breaks.

We feel that a large percentage of failures (n = 4) in our 
group were associated with developmental delay and trache-
ostomy scars. Most of the patients are clearly observed as 
self-injurious patients. We speculate that the late develop-
ment of verbal communication or brain injury contributes to 
this behavior. This behavior remains an important area to 
investigate in order to prevent blindness. Avoidance of brain 
hypoxia at birth through prenatal diagnosis of cleft palate, 
PRS, and SS may also have an impact on this behavior.

Fig. 29.17 Wide-angle photo of eye of monocularly functional SS 
syndrome patient treatment by Schepens. The cryotherapy extended 
360 degrees from ora to equator without reference to lattice degenera-
tion. The daughter’s retina detachment was treated by T. Hirose and 
diagnosed clinical SS

Fig. 29.18 This is a case of (spondyloepipesia dysplasia congenita) 
the right eye was phthisical and in the left widefield photography 
showed a lattice centered prophylaxis and no treatment targeted to area 
of GRT formation. We completed the treatment to the ora serratta 
before cataract surgery in the left eye. The figure also shows perivascu-
lar pigment atrophy and mild vitreous sheets superior to macula
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29.5.3  Limiting High-Risk Behaviors

The data for limiting sport and other physical activity is 
absent, and we therefore depend on our experience and 
understanding of the biology of the disease. It seems to make 
sense to limit activities that could result in a direct and indi-
rect impact on the eye or vigorous vitreous traction through 
repetitive jerky motion. These may include ball sports, con-
tact sports, trampoline, martial arts, and roller-coaster. At the 
same time, other physical activities should be encouraged so 

as not to induce a sedentary lifestyle and associated 
morbidities.

29.5.4  Surgical Planning

In adults, the technique for repair of GRT is well established 
[33], and since the approval of perfluorocarbon liquid 
(PFCL), good results are the rule even with mild PVR [33–
36]. However, the outcomes in children are significantly 
worse [24]. The increased failures revolve around the later 
diagnosis (with worse PVR) and the normal exploring and 
adaptive behaviors of children.

In vitreoretinal surgery cooperation between surgeon and 
patient is key to successful outcome. Needless to say, patients 
without cognitive ability or emotional endurance are at 
increased risk for failure. Children require extra effort, and it 
is very helpful when parents have an enthusiastic engage-
ment in the process. In order to recruit the parents’ effort, 
they must first understand the importance of postoperative 
patient cooperation. We routinely explain the key postopera-
tive goal using an analogy. First we give a surgical overview: 
during surgery we attach the retina to the eye wall and apply 
laser which is the glue that is needed to keep the retina 
attached. However, the adhesion does not occur immediately 
but rather develops in the post-operative period. Therefore, 
during this period, the retina must stay in contact with the 
eye wall in order for the glue to work, and in order to stick 
the retina down permanently. It is like gluing 2 pieces of 
paper if you spread glue on two sheets of paper but does not 

Vitreous base

Basal vitreous

Aqueous humour

Zonules

Central vitreous

Canal of cloqucet

Retina

Optic disc

Optic nerve

Macula (part of retina)

Vitrcous cortex

Fig. 29.19 Schematic of normal vitreous shows the importance of the 
vitreous base (Reproduced with permission from Bishop PN. Structural 
macromolecules and supramolecular organization of the vitreous gel. 

Progress in Retinal and Eye Research. 2000;19(3):323-344. PubMed 
PMID: 10749380)

Fig. 29.20 Figure shows laser prophylaxis that targets the zone of the 
GRT from the ora serrata to the equatorial zone. Using the Retcam with 
scleral depression intraoperatively provided a confirmation of the treat-
ment. The ora teeth and bays can be seen at the 12 o’clock position
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keep them together in direct contact, the glue will work. 
Similarly, in the post-operative period we need to keep the 
retina in contact with the eye wall, or it will not stay glued. 
We do this by positioning the gas bubble or oil globule in the 
eye. The gas bubble floats above the fluid, and it moves with 
the head position. Therefore parents must give attention to 
keeping the correct head and eye position during the post- 
operative 2 weeks. We further set expectations for the the 
parents, and tell them they often need to stay awake every 
night depending on the position of the break, and actively 
promote the cooperation of the child. This post-operative-
component is often unexpected and difficult. Therefore, it 
must be part of the preoperative part of the plan for surgery. 
Some family situations are chaotic, underresourced, or unsu-
pervised, and this is also a high risk for failure and blindness. 
There is reduced value to surgery with poor postoperative 
cooperation.

In the infant and very young child, face-down positioning 
is reasonably achievable. The parents can hold the child on 
the lap, the chest or organize a bed position (Fig.  29.21). 
However, as the child becomes larger from 18 months to 4 
years old, face-down positioning can be quite difficult. 
Beyond age 3, some parents seem capable of achieving face- 
down while others are not. One strategy is to use a computer 
tablet or smartphone for entertainment while in the face- 
down position. This can be done if the child holds it in the lap 
against the abdomen. Alternatively, playing with toys that are 
on the floor while the child is sitting will encourage at least 
partial face-down behavior (e.g., pushing toy cars). These 
adjustments can have a major effect on outcomes with infe-
rior breaks.

Because the examination is often very brief in toddlers 
and young children, there is a balance between the number of 
EUAs and the tolerance of uncertainty about the retinal sta-
tus. Also, the option to inject or remove gas in the office to 
adjust the gas fill is unrealistic; therefore, silicone oil is a 
frequent choice for children. Silicone oil allows an optically 
clear postoperative view of the retina and a reliable and per-
sistent tamponade fill of the vitreous cavity. The reliable fill 
is especially reassuring when day 1 post operative exam is 
limited to the anterior segment. Another very helpful advan-
tage of silicone oil over gas tamponade for children with 
complex RD is the delay of hypotony, ocular collapse, and 
phthisis in the case of RD recurrence. This feature allows 
multiple interventions. Both gas and silicone oil have an 
increased risk of failure from an incorrect eye position. 
However, the complication of elevated pressure from face-up 
position is generally less severe with gas than with silicone 
oil. Both situations can result in closure of the angle and 
cause pain and loss of vision. The elevated pressure with gas 
can be quite high, but with silicone oil, extremely high pres-
sure can occur from a malignant glaucoma configuration 
with aqueous accumulated into a space posterior the silicone 
oil. Strict face-down position should resolve the pressure 
elevation with gas tamponade and help in eyes with silicone 
oil unless the oil has migrated into the anterior chamber 
around an IOL or crystalline lens [37]. When silicone oil 
migrates across the zonule into the anterior chamber (AC), 
an urgent reoperation for elevated IOP may be required to 
remove the oil completely and then replace it with either gas 
or new oil. The lens may need to be removed and an inferior 
peripheral iridectomy created in cases of zonular compro-
mise. Although in most cases surgery to remove all the oil 
advised, it is possible to remove the AC oil selectively at the 
slit lamp. This requires two ports because the AC infusion is 
needed in order to maintain the AC pressure above the vitre-
ous chamber throughout the removal. One port enters hori-
zontally near the base and a second allows egress of the oil at 
the anti-dependent position. This procedure requires an 
exceptional patient. Selective removal of AC silicone oil is 
essentially impossible in a supine position because the BSS 
used to maintain the AC pressure is heavier than oil and 
therefore, will migrate posteriorly into the vitreous cavity 
when gravity is greater than surface tension and raise the vit-
reous cavity pressure. In the end, the oil removed from the 
AC is invariably replace with oil from the vitreous cavity. 
Complete removal and replacement of the silicone oil is 
more effective.

Despite possible complications, we consider silicone to 
be an effective tool for tamponade in children and monitor it 
closely. We plan its removal in 3–6 months in most situa-
tions. However, we may leave it in situ long term or indefi-
nitely in two situations: the self-injurious patient, and the 
patient with persistent hypotony. In the self-injurious patient, 

Fig. 29.21 This was an 8-month-old male with COL2A1 mutation (c. 
1299_1302delCCCT) who presented with strabismus and was found to 
have a giant retina tear. The family was able to maintain his face-down 
position asleep in this created apparatus. The mattress was folded and 
moved toward the foot and a travel neck pillow held the face. The child 
was monitored from below. The repair was successful
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long-term oil can protect against future breaks and detach-
ments from trauma through tamponade. It seems to reduce 
the extent of ocular deformation that results from traumatic 
compressive force. Removing oil in an already hypotonous 
eye can accelerate phthisis. In eyes where the pressure is 
elevated but not immediately threatening, we will monitor 
and, if reasonably safe, try to keep it for 4–6 weeks.

In the past, we had two cases of patients with RD in the 
only seeing eye, for whom positioning was critical because 
of inferior breaks, but impossible (both were self-injurious, 
developmentally delayed patients), we took unusual mea-
sures to achieve retina attachment. We admitted them to the 
intensive care unit in order to allow 5 days of sedated face- 
down positioning. Both eyes had successful attachment; 
however, the second patient developed bacterial sepsis that 
required a week of intravenous antibiotics. Since then we 
have used an expansile gas in order to overfill the vitreous 
cavity, followed by anti-glaucoma drops, pressure monitor-
ing, and EUA for gas fill adjustment during the first week 
and replacement with silicone oil after 2 weeks. This has also 
worked. Other options are heavy PFCL for a week of postop-
erative tamponade. This can lead to a significant inflamma-
tory reaction, so the family needs to be aware that the PFCL 
needs to be removed within 1 week. Heavy silicone oil may 
also have a role for postoperative inferior retinal tamponade. 
We have no recent experience with heavy oils.

29.5.5  Giant Retinal Tear Surgery

The repair of GRT without PVR is mildly technical, but it is 
more challenging if more severe PVR is present. First, we 
will describe our technique for the basic GRT repair. In chil-
dren and phakic adults, we use an adjuvant scleral buckle for 
GRT.  Cerclage can also be considered in pseudophakic 
patients. It can reduce the slippage of retina and reduce the 
effect of contractile elements that may develop in the resid-
ual vitreous base, since this can be impossible to completely 
remove in Stickler anomaly. We place a 240-band at the 
equator approximately 12 mm from the limbus 360 degrees 
and form an encirclement with a 4-0 nylon suture clove-hitch 
tightened and secured with a square knot. The buckle is 
secured to the sclera in each quadrant with a 4-0 nylon 
anchoring, circumferential mattress suture. Then three pars 
plana vitrectomy ports are placed normal to the sclera rather 
than beveled, in a manner to allow direct access to the vitre-
ous cavity. The vitreous is removed and the retina mobilized. 
Because of the large break, the retina is more mobile and 
countertraction is reduced. In many cases, the retina may 
become dangerously hypermobile and PFCL may be injected 
posterior to the vitreous in order to weigh down the retina 
and help separate the vitreous from the retinal surface. This 
provides increased retinal stability and “counter traction” 
facilitating removal of the vitreous and membranes. The use 

of PFCL is monitored in order to avoid its migration into the 
subretinal space over an elevated edge or through a posterior 
break. The anterior flap and vitreous should be cleaned thor-
oughly to improve retinal mobility and remove vitreous that 
has prolapsed into the subretinal space that may prevent the 
retina from reattaching to the RPE. Special attention is given 
to the posterior retinal edge since this tends to roll. PFCL 
helps unroll this edge and helps to limit slippage during 
fluid–air exchange which may frequently occur due to lack 
of anterior tethering in the area of GRT.

In cases of GRT with PVR, a bimanual approach will 
likely be needed to remove the membranes. We use a chan-
delier in a fourth port. A lighted pick and/or forceps may also 
be used in conjunction with the chandelier to better illumi-
nate areas requiring fine dissection. Occasionally, it may be 
necessary for an assistant to direct the chandelier for optimal 
illuminating conditions in the area of interest. The strategies 
for PVR mainly require experience, careful observation, and 
patient peeling to reach retina mobilization. Although pub-
lished before the use of PFCL, Zivoijnovic’s monogram 
Silicone Oil in Vitreoretinal Surgery (available as ebook) 
provides the best description of PVR surgery [38]. Any pig-
ment on the surface represents a PVR membrane, and the 
membranes on inspection are often shiny and transparent and 
often are difficult to visualize. Their effects are often appre-
ciated by the irregular response to smooth manipulations 
using a Tano diamond-dusted brush or flex-loop with micro- 
serrations, and the immobility during fluid drainage from the 
subretinal space is also a sign. Peeling off the disc and main-
taining large sheets of membranes leads to more effective 
work. Elevating membranes with a forceps and undermining 
adhesion with a second instrument, such as a pick, “light-
pipe” or scissors, works well. Frequently, gently sliding the 
second instrument (back and forth) against the junction of 
the retina and PVR membrane allows them to separate. In 
GRT, the subretinal space can also be inspected and treated 
as needed. Caution must be taken when addressing subreti-
nal PVR, as bands and sheets may insert at distant locations. 
Lysing and dissecting subretinal PVR, rather than attempting 
complete removal by pulling on exposed ends, may avoid 
distant retinal breaks or choroidal bleeding. In reoperations, 
the fibrous membranes are more likely to arise from the cho-
roid and need to be cut rather than removed with traction. In 
cases of choroidal hemorrhage, hemostasis is obtained with-
out touching the tissue using a laser set at low energy and 
long duration. Using a bipolar cautery may cause the treated 
choroid to adhere to the probe leading to re-bleeding with 
movement of the probe. Subretinal PVR may also be left in- 
situ if it does not elevate the breaks. Often, the pump action 
of retinal pigment epithelium (RPE) may flatten the PVR or 
retina around the PVR in the postoperative period, assuming 
adequate tamponade. Posterior radial buckle elements may 
also be placed to counter subretinal PVR traction if complete 
removal of subretinal PVR is judged to be risky. Avoidance 
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of posterior breaks makes the PFCL injection safer and 
avoids ablating posterior retina while creating laser-induced 
adhesion around these breaks.

If the media are compromised and the membranes are not 
well seen, we will remove the opacities, whether capsule, 
lens, intraocular lens (IOL), or band keratopathy. If the view 
is suboptimal because of corneal edema, we will use 50% 
glucose as an osmotic agent. In some cases, we may be 
forced to return for more complete repair as part of a staged 
second sitting because of media and time constraints. 
Retinectomy should be absolutely minimal or preferably 
avoided. We will prefer to abort a case, hoping for some reat-
tachment and countertraction that may aid in subsequent sur-
geries, rather than to reduce the retina to a “postage stamp,” 
except as a last resort in the only eye. Our experience with 
the large retinectomy is that it results in hypotony, induces 
PVR admixed with a fibrinous response, requires reoperation 
to avoid contraction and detachment, and does not add visual 
function if the fellow eye has more than count fingers vision. 
Therefore, we reserve this as a last resort for monocular 
patients for whom the low vision may add function and qual-
ity of living. In other cases, the radical retinotomy that 
reduced the retina to a posterior “postage stamp,” allows the 
surgeon to report successful retinal attachment, but the mid-
dle and long-term prognosis is grave. Moreover, retinal 
removal is not reversible and may preclude visual rehabilita-
tion in the event that new technologies are developed.

The subretinal fluid removal and exchange to PFCL is 
performed when the membrane peeling, release of pleats and 
folds, and subsequent retina mobilization is adequate. This 
mobility can be tested by subretinal drainage in the fluid- 
infused eye. The eye is filled with PFCL while the eye rotated 
away from the GRT, toward a zone of intact peripheral retina. 
In this rotated position, the vitreous cavity is filled to a few 
millimeters below the GRT edge. The eye is rotated smoothly 
toward the GRT in a manner that rolls the PFCL posterior 
and across the GRT gap, displacing the subretinal fluid and 
closing the posterior edge of the GRT without subretinal 
migration. Then the laser is performed with minimal move-
ment for eight rows. The most common error in GRT surgery 
is in the fluid-to-air exchange. This is done very differently 
than in the usual RRD repair. The intraocular fluids, both 
residual BSS and PFCL, are removed anterior to posterior. 
One uses an extrusion (or backflush cannula) removing fluid 
as it is “walked” down along the eye wall from behind the 
lens anterior-to-posterior to the GRT edge. This requires the 
break to be high, rather than dependent. The most critical 
moments are at the level of the break edge and just anterior. 
No fluid should be allowed under the GRT edge. The edge is 
dried completely against the choroid before continuing pos-
teriorly. This maneuver requires meticulous attention. In 
case of an irregular GRT, the extrusion must dry all the fluid 
under the GRT starting along the anterior-most edge of the 

posterior flap of the GRT and continue to the posterior edge 
of the posterior flap in order to lock it in place and avoid 
slippage.

At this point, PFCL–air exchange can be continued poste-
riorly. After the fluid is removed to a couple of millimeters 
below the posterior GRT edge, it is no longer critical to use 
this “walking along the eye wall” technique, and the residual 
PFCL can be removed from the vitreous cavity over the disc. 
Prior to the air–fluid exchange the vitreous fluid and PFCL 
hold up the subretinal pocket of BSS. During the air–fluid 
exchange, that mass is replaced with air of much lower mass 
and the pocket falls posterior in the subretinal space causing 
the GRT to slip down the eye wall. Slippage occurs when 
BSS fluid migrates under the retina and forms a subretinal 
fluid pocket that is rolled forward with the air–fluid exchange 
resulting in a fold. A small fold from minor slippage away 
from the macula may be tolerated. However, once the GRT 
dries it is very difficult to open a dry fold. After the PFCL-to- 
air exchange, tamponade choice is usually silicone oil, but 
gas may be considered in selected cases.

One of us (MPB) prefers bimanual, direct PFCL–oil 
exchange as it seems to avoid further slippage that can occa-
sionally occur as fluid from the AC or dehydrating vitreous 
base region run posterior. In this technique, PFCL is brought 
above the GRT. Then oil is infused above the PFCL while 
removing air. Once most of the air is removed, then biman-
ual, direct PFCL–oil exchange is performed under visualiza-
tion using a chandelier for illumination, with oil injection 
cannula in one port and extrusion or back flush in the other. 
The extrusion tip is placed just beneath the oil to remove the 
thin layer of fluid (water and salts) that is between the PFCL 
and the oil. Once the two hydrophobic substances touch, the 
water layer is excluded from the interface and from the break 
as long as the eye pressure is low (i.e., low or now air infu-
sion and extruding PFO faster than injecting oil). Bimanual 
PFCL–oil exchange is continued, walking the extrusion tip 
down the eyewall until the oil is below the posterior aspect of 
the break at which point extrusion can be performed above 
the nerve, keeping the intraocular pressure low and monitor-
ing the perfusion of the retinal vessels and nerve.

We prefer high viscosity (5000cs) silicone oil since it 
reduces the emulsification complications. It is frequent for 
children to have extensive emulsification which can lead to 
pressure elevation. Oil can be removed between 3 and 6 
months unless there are pressure issues that require earlier 
removal. Leaving oil for too long may predispose to more 
extensive peri-silicone proliferation and potential subsequent 
issues such as epiretinal membrane formation over the mac-
ula with peripheral traction, particularly in these eyes that 
likely have some vitreous remnant (given anomalous adhe-
sions in SS) and large areas of exposed RPE. However, oil 
may need to be left in-situ long-term in hypotonous eyes and 
in children that have self-injurious behavior.
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In conclusion, Stickler Syndrome is a key disease for 
pediatric retina specialists. The patients present in a variety 
of ways, and the pediatric retina specialist must expand the 
standard diagnostic role with a thorough family history, non- 
ocular findings, and a more sophisticated vitreous and retina 
examination in order to identify patients at high risk. 
Pediatric retina specialists have a critical role in continued 
surveillance of SS patients, and they need to know the evi-
dence and techniques of the potentially important role of 
prophylaxis as mentioned earlier. Finally, the techniques of 
GRT repair may pose a challenge that requires some mastery, 
but ultimately are very satisfying. In our practice, the behav-
ioral modification of the developmentally delayed, self- 
injurious patients in order to stop self-hitting and 
head-banging is unresolved, and we would appreciate input 
from colleagues that read this chapter.
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Genetic Testing in Pediatric Retina

Hiroyuki Kondo

Abstract

Genetic testing is a powerful and helpful method to diag-
nose retinal disorders in pediatric patients. The expecta-
tion of mutation identification in these disorders depends 
on whether the appropriate genetic testing methods are 
used. Next-generation sequencing has recently become 
available, and the chance of identifying the genetic muta-
tion would be increased. The general concerns about 
genetic testing include ethical issues and the patients’ 
right to privacy on the results of the genetic testing should 
be carefully supported.
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30.1  Genetic Testing of Pediatric Retina

Genetic testing is a powerful and useful method to diagnose 
retinal diseases in pediatric patients accurately. The testing is 
useful when:

 1. The clinical signs and symptoms are atypical or overlap 
those of other diseases, i.e., phenotypically mimicking 
disorders or spectrum disorders, and the ocular findings 
are usually ambiguous at the end stages (Figs. 30.1, 30.2, 
30.3, 30.4 and 30.5).

 2. A correct diagnosis offers optimal treatments decision 
(Fig. 30.6).

 3. Determining the inheritance pattern is helpful for proper 
genetic counseling.

Prior to genetic testing, it is mandatory to make a correct 
clinical diagnosis so that it can lead to the successful identi-
fication of the causative mutation(s). In addition to the retinal 
findings, the sex, age at onset, presence of systemic abnor-
malities, and inheritance pattern should be carefully assessed. 
Although sporadic cases may be due to non-genetic condi-
tions, autosomal recessive, or X-linked recessive inheritance 
may underlie the clinical presentation. De novo mutations of 
autosomal dominant genes can also be found sporadically.
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Fig. 30.1 Fundus photograph of the left eye of a patient with familial 
exudative vitreoretinopathy (FEVR) who was first suspected to have 
Coats disease. A 29-yearold female patient had an exudative retinal 
detachment and was blind in the right eye. At age of 29-years, an exuda-
tive retinal detachment developed in her left eye.Genetic testing 
revealed that she carried a mutation in the FZD4 gene and a diagnosis 
of FEVR was made (Reprinted from [1])

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6552-6_30&domain=pdf
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30.2  Genes Causing Retinal Disorders 
in Children

There are several pediatric retinal disorders that are caused 
by mutations in a single gene (Table  30.1) while others 
result from mutations of different genes (Table 30.2). The 
clinical features of single-gene disorders tend to be uni-
form, and the causative mutation is more likely to be 
detected. Disorders associated with gene heterogeneity 

tend to have high clinical variations. The expectation of 
mutation identification in these disorders varies substan-
tially even though a comprehensive screening can be per-
formed (Table 30.2).

30.3  Strategies for Identifying Causative 
Mutations

DNA amplification by polymerase chain reaction (PCR) 
followed by DNA sequencing for targeted exons, the so-
called Sanger sequencing, has been the standard practice 
for genetic testing [4]. However, all exons need to be 
examined individually and the efficiency is limited in 
terms of the cost and labor. If genes and exons have to be 
extensively screened for disorders of high gene heteroge-
neity, the role of Sanger sequencing in genetic testing is 
limited.

Recently, massive parallel DNA sequencing methodol-
ogy, the so-called next-generation sequencing, has become 
commercialized [4]. In combination with microarray-based 
DNA capture methods that can target specific genomic 
regions, comprehensive screening has become possible for a 
set of genes (target sequencing) or for all protein-coding 
exons (exome sequencing). Computational results of next- 
generation sequencing will output a large number of variants 
most of which are non-pathogenic. The disease-causing 
variant(s) can be selected more accurately by filtering non- 
pathogenic variants with the help of web-based prediction 
programs and databases [5].

Mutations of a large-sized exon(s) deletion are missed by 
Sanger sequencing and exome sequencing. Alternatively, a 
long-range PCR can be applied if the deletion is already 
specified. A large gene deletion can be assessed theoretically 
by whole genome sequencing.

Fig. 30.2 Photographs of the exterior surface of the eye and fundus of 
a 3-month-old boy showing the findings of Goldenhar syndrome and 
ocular albinism. (a) Photograph of the exterior surface of the right eye 
showing a dermoid at the sclerocorneal margin. (b) Fundus photograph 

of the left eye showing depigmented retina suggestive of albinism. 
Genetic testing revealed a mutation in the GPR143 gene and a diagnosis 
of ocular albinism was confirmed rather than syndromic albinism 
(Reprinted from [1])

Fig. 30.3 Photograph of the external surface of the left eye of a three-
month-old boy who was suspected to have Norrie disease. He had leu-
kocoria with total retinal detachments in both eyes. A diagnosis of 
Norrie disease or familial exudative vitreoretinopathy was suspected. 
The final diagnosis was non-syndromic congenital retinal non-attach-
ment due to the identification of a homozygous mutation in the ATOH7 
gene by genetic testing (Reprinted from [1])
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Fig. 30.4 Fundus photographs of both eyes of a 4-month-old boy. (a) 
Bullous retinal elevation suggestive of retinal detachment or retinoschi-
sis can be seen in the right eye. (b) Left eye appears to be nearly normal. 
Genetic testing revealed that the patient carried a hemizygous mutation 

in the RS1 gene, and the retinal appearance of the right eye was thought 
to be a retinoschisis. An immediate surgical management was post-
poned by the genetic testing (Reprinted from [1])

Fig. 30.5 Fundus photograph and autofluorescence of the right eye of 
an 11-year-old girl. Vitelliform macular dystrophy was suspected from 
the fundus photograph (a) and fundus autofluorescence (b). Bi-allelic 
mutations in the BEST1 gene led to a diagnosis of autosomal recessive 

bestrophinopathy rather than autosomal dominant Best’s vitelliform 
macular dystrophy. This information was used in genetic counseling 
(Reprinted from [1])

30.4  Issues to Be Considered

General concerns about genetic testing include ethical issues, 
e.g., possible discrimination and undesirable prospect of 
insurance and employment [6]. The patients right to privacy 

on the results of genetic testing should be carefully sup-
ported. Next-generation sequencing potentially provides off- 
target results of incidental findings of harmful genetic 
defects. The recommendations for the incidental findings are 
updated by a community of genetic analysis [7].
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Fig. 30.6 Practical strategy for selecting methods of genetic testing in 
pediatric retinal disorders. Note that a set of genes in the target sequenc-
ing is usually custom made and the testing may be provided on a 
research basis and not always available. Instead, whole exome and 
genome sequencing have become more commercialized. *In IP, dele-
tion encompassing exons 4–10 of the IKBKG gene account for 90% of 
known IP mutations [2] **Three specific mutations of the mitochondria 
gene account for >95% of LHON mutations [3]. ACHM achromatopsia, 

BEST Best’s vitelliform macular dystrophy, CSNB congenital station-
ary night blindness, FEVR familial exudative vitreoretinopathy, ins/dels 
insertions and deletions, IP incontinentia pigmenti, LCA Leber’s con-
genital amaurosis, LHON Leber’s hereditary optic neuropathy, MLPA 
multiple ligation probe amplification (test for exon by exon copy num-
ber variation using multiplex PCR), NCRNA nonsyndromic congenital 
retinal nonattachment, ND Norrie disease, STGD Stargardt disease, STL 
Stickler syndrome, XLRS X-linked retinoschisis

Table 30.1 Single gene disease

Disease Inheritance Gene
BEST disease AD BEST1
Occult macular dystrophy AD RP1L1
Snowflake vitreoretinal degeneration AD KCNJ13
Wagner disease AD VCAN
Enhanced S-cone syndrome AR NR2E3
Gyrate chorioretinal atrophy AR OAT
Nonsyndromic congenital retinal 
nonattachment

AR ATOH7

Stargardt disease AR ABCA4
Incontinentia pigmenti XD IKBKG
Blue cone monochromatopsia XR OPN1LW/

OPN1MW
Choroideremia XR CHM
Congenital retinoschisis XR RS1
Ocular albinism XR GPR143
Norrie disease XR NDP
Leber hereditary optic atrophy MT mtDNA

AD autosomal dominant, AR autosomal recessive, MT mitochondrial, 
XD X-linked dominant, XR X-linked recessive

Table 30.2 Disease of gene heterogeneity

Disease Inheritance Gene
Achromatopsia AR CNGA3, CNGB3, GNAT2, 

PDE6H, PDE6C, ATF6
Congenital 
stationary night 
blindnessa

AD, AR, XR CABP4, CACNA1F, GNAT1, 
GNB3, GPR179, GRK1, GRM6, 
LRIT3, PDE6B, RDH5, RHO, 
RPGR, SAG, SLC24A1, TRPM1

Familial exudative 
vitreoretinopathy

AD, AR, XR CTNNB1, FZD4, KIF11, LRP5, 
NDP, RCBTB1, TSPAN12, ZNF408

Fundus 
albipunctatus

AR RDH5, RLBP1, RPE65

Idiopathic foveal 
hypoplasia

AD, AR, XR GPR143, PAX6, SLC38A8

Leber’s congenital 
amaurosis

AR, (AD) AIPL1, CABP4, CCT2, CEP290, 
CLUAP1, CRB1, CRX, DTHD1, 
GDF6, GUCY2D, IFT140, 
IMPDH1, IQCB1, KCNJ13, LCA5, 
LRAT, NMNAT1, OTX2, PRPH2, 
RD3, RDH12, RPE65, RPGRIP1, 
SPATA7, TULP1

Oculocutaneous 
albinism

AR, (AD) AP3B1, BLOC1S3, BLOC1S6, 
C10orf11, DTNBP1, HPS1, HPS3, 
HPS4, HPS5, HPS6, LYST, OCA2, 
SLC24A4, SLC45A2, TYR, TYRP1

Stickler syndrome AR, (AD) COL2A1, COL9A1, COL9A2, 
COL9A3, COL11A1, COL11A2b

aOguchi disease included, bNo ocular symptoms shown
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Pediatric Macular Hole

Mrinali P. Gupta and Philip J. Ferrone

Abstract

A macular hole is a full-thickness defect in the foveal 
neuroretinal tissue that can cause significant vision loss. 
While the majority of macular holes are “idiopathic” and 
age-related in nature, occurring as a result of a slow, 
degenerative process of progressive vitreoretinal traction, 
almost all macular holes encountered in the pediatric pop-
ulation are the result of direct ocular trauma. Owing to its 
disparate pathophysiology, the clinical course and prog-
nosis of the pediatric traumatic macular hole is less pre-
dictable than that of idiopathic senile macular hole. Other 
traumatic ocular comorbidities may affect management 
and/or visual prognosis. Spontaneous closure may occur, 
and a period of observation is often undertaken, although 
considerations for deprivational amblyopia may prompt 
earlier intervention in younger patients. While surgical 
management is similar to that for idiopathic senile macu-
lar holes, the pediatric population poses unique surgical 
challenges including the adherent posterior hyaloid and 
limitations in the ability to position face-down postopera-
tively. This chapter provides an overview of pediatric 
traumatic macular holes, with attention to the key differ-
ences in epidemiology, anatomy, pathophysiology, diag-
nosis, and management in children, as compared to adults.
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A macular hole is a full-thickness defect of the neuroretinal 
tissue involving the foveal center that can cause significant 
central vision loss. The first detailed ophthalmoscopic 
description of a macular hole presented by Noyes in 1871 
involved a teenage girl whose eye had been struck by a cork 
from an ale bottle [1], and many early descriptions of macu-
lar holes similarly involved traumatic injuries. Since that 
time, it has become clear that the majority of macular holes 
are atraumatic “idiopathic” macular holes of the elderly. 
While multiple theories have been put forth regarding the 
pathogenesis of idiopathic macular holes, the predominant 
mechanism is felt to be anteroposterior traction from the vit-
reous, along with tangential tractional forces [2, 3]. In con-
trast, amongst pediatric patients, macular holes are generally 
traumatic in origin, although rarely other causes may be 
identified (Fig. 31.1). Accordingly, almost all of the literature 
on pediatric macular hole involves studies evaluating trau-
matic macular hole. This chapter will provide an overview of 
pediatric traumatic macular holes and their management.

Traumatic macular holes have been described in 1.4% of 
closed globe injuries and 0.15% of open globe injuries [4]. 
Blunt force is thought to create an axial deformation of the 
globe that causes both an anteroposterior reduction and 
equatorial expansion of the globe, resulting in horizontal 
forces to the posterior pole that cause a splitting of the foveal 
retinal layers. Vitreous traction may also be implicated to 
varying degrees [5–7]. The pathophysiology of the traumatic 
macular hole, therefore, is distinct from the slow, degenera-
tive process of progressive vitreoretinal traction implicated 
in idiopathic senile macular holes. The progression and 
visual outcome of traumatic macular hole are likewise less 
predictable than that of idiopathic macular holes.

Clinically, slit-lamp biomicroscopy reveals a full- 
thickness defect in the central fovea. A Watzke test, per-
formed by placing a narrow vertical slit beam through the 
fovea and asking the patient whether he/she detects a break 
in the line, is positive. Other traumatic injuries such as com-
motio retinae, retinal hemorrhage, vitreous hemorrhage, 
choroidal rupture, traumatic chorioretinal rupture, retinal 
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tears, retinal dialysis, and retinal detachment, may be noted. 
Optical coherence tomography (OCT) demonstrates the full- 
thickness retinal defect, as well as other features including 
the shape and size of the hole, status of the hyaloid, and asso-
ciated macular changes. In comparison to adult idiopathic 
senile macular holes, posterior vitreous detachment (PVD) 
and operculum are typically absent in traumatic macular 
holes. Moreover, one study found that traumatic macular 
holes exhibited larger basal diameters and were more often 
eccentric and irregular or elliptical in shape [8].

Management of pediatric macular hole includes a period 
of observation followed by surgery, as the macular hole may 
close spontaneously within days or months. The rate of spon-
taneous closure for pediatric traumatic macular holes is 
higher than that for adult idiopathic macular holes as well as 
adult traumatic macular holes. In traumatic macular holes, 
studies have reported spontaneous closure rates ranging from 
10 to 44% [5, 9] among traumatic macular holes in general, 
with higher rates in pediatric cases in particular [5, 10–12] 
(Figs. 31.2 and 31.3). One meta-analysis of traumatic macu-
lar holes found that 97% of patients with spontaneous clo-
sure were below age 30 years and that the median age among 
all patients with spontaneous closure was 15 years [12]. 
Other factors that may increase the likelihood of spontane-
ous closure include smaller diameter and absence of PVD, 
the latter of which is typical in traumatic macular holes [13]. 
Thus, a period of observation is generally recommended, 
especially in older patients (with less amblyopia risk) and in 
patients with small holes, good visual acuity, and/or poste-
rior vitreous adhesion to the hole. There are at present no 
evidence-based guidelines prescribing the optimal duration 

of observation, although spontaneous closure typically 
occurs within 3 months and is rare after 6 months [12]. 
Younger patients may require earlier surgery due to depriva-
tional amblyopia considerations.

The key surgical principles for macular hole repair are 
relief of anteroposterior traction forces from the vitreous and 
of tangential tractional forces from epiretinal membranes (if 
present) and internal limiting membrane (ILM), placement 
of a tamponade (air, gas, or oil), and postoperative prone 
positioning. This approach yields closure rates of over 90% 
for idiopathic macular holes [14]. Given the variable role of 
vitreous traction in traumatic macular hole, as compared to 
idiopathic macular hole, application of a similar surgical 
approach for traumatic macular holes yields more variable 
results, with success rates ranging from 45% to 100% 
(median 92.5%) in small studies including patient popula-
tions with a mean age ranging from 10 to 32 years [15]. Pars 
plana vitrectomy with separation of the posterior vitreous 
cortex from the retinal surface is essential for all macular 
hole surgery but is particularly challenging in the pediatric 
population, due to the well-formed vitreous humor and 
strong adhesion of the posterior hyaloid to the underlying 
retina. Intraoperative vitreoschisis, in which a layer of poste-
rior vitreous cortex remains on the retinal surface after pre-
sumed induction of a PVD may also occur. Chromovitrectomy 
using triamcinolone acetonide injectable suspension 
(Triesence, Alcon, Ft. Worth, TX) may facilitate vitrectomy 
and confirmation of a complete hyaloidal separation without 
vitreoschisis. The vitreous cutter, a pick, a bent micro- 
vitreoretinal (MVR) blade, and/or forceps may be employed 
to engage or obtain an opening in the hyaloid from which the 
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Fig. 31.1 Pediatric macular hole after pars plana vitrectomy for epiret-
inal membrane with cystoid edema associated with a combined hamar-
toma of the retina and retinal pigment epithelium (RPE). (a) Fundus 
photograph of a 3-year-old patient reveals a combined hamartoma of 
the retina and RPE in the left eye. (b) Optical coherence tomography 
(OCT) reveals a thick epiretinal membrane with underlying cystoid 
degeneration of the retina, schisis, and traction retinal detachment. (c) 
The patient underwent pars plana vitrectomy with membrane peeling. 
One month after surgery, OCT reveals interval removal of the epiretinal 

membrane and a large outer retinal defect with a thin inner retinal roof, 
adjacent cystoid and schisis changes, and localized retinal detachment. 
Visual acuity is 20/100. (d, e) Five months after surgery, OCT reveals a 
more compact retina with minimal cystic changes, but subsequent pro-
gression to a full-thickness macular hole occurred a short time later. 
Visual acuity is 20/80. The patient is observed, and OCT 1 year postop-
eratively reveals a spontaneously closed macular hole. Visual acuity is 
20/60. (f) Four years postoperatively, OCT revealed the closed macular 
hole, and visual acuity is 20/20
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PVD can be induced. Iatrogenic retinal breaks are most 
likely to occur during induction of a PVD and are particu-
larly problematic in the pediatric population, where they can 
incite intense proliferative vitreoretinopathy (PVR).

Peeling of the ILM has been shown to improve outcomes 
in idiopathic macular holes [16–18], potentially by reducing 
tangential traction, confirming complete removal of cortical 
vitreous and/or epiretinal membranes, and/or stimulating 
glial cell proliferation. Stains such as indocyanine green, tri-
amcinolone acetonide, and brilliant blue may facilitate visu-
alization and peeling of the ILM [19–21]. As with idiopathic 
macular holes, ILM peeling is also routinely employed for 
pediatric macular holes [22, 23]. Advanced techniques such 
as the inverted ILM flap technique have been described in 
larger pediatric traumatic macular holes [24]. The postopera-
tive regime for a pediatric macular hole, like idiopathic mac-
ular holes, generally involves intraocular gas (air, SF6, or 
C3F8) tamponade in conjunction with prone (face-down) 
positioning for several days or more. The optimal tamponade 
agent (none, air, SF6, C3F8) and the duration of positioning 
remains controversial [17, 25–32]. Silicone oil tamponade 
may also be considered in pediatric macular hole cases, par-
ticularly in young patients incapable of positioning or in 
patients with large holes, recurrent holes, or holes that failed 
to close with an initial surgery.

Adjunctive agents including autologous plasmin or ocri-
plasmin (Jetrea, ThromboGenics, Iselin, NJ) and transform-

ing growth factor β (TGF-β) or platelet concentrates (e.g., 
autologous platelet-rich plasma) [23, 33, 34] have also been 
employed in pediatric macular hole surgery. Intravitreal 
autologous plasmin and ocriplasmin have been administered 
perioperatively to facilitate separation of the hyaloid, albeit 
with limited data in the pediatric population. These agents act 
as proteases to cleave fibronectin and laminin, two key com-
ponents of the vitreoretinal attachment [35]. Autologous plas-
min-assisted pars plana vitrectomy for pediatric traumatic 
macular hole has been reported in small case series with suc-
cessful closure and subjective improvement in ease of PVD 
induction [36–38]. Whereas autologous plasmin requires col-
lection of the centrifugation of the patient’s blood and collec-
tion of the plasmin-rich component, ocriplasmin is a 
commercially available recombinant truncated form of plas-
min that has been FDA-approved for the treatment of adult 
patients with vitreoretinal traction and/or macular hole. Data 
regarding the use of ocriplasmin in the pediatric population is 
limited. A single, randomized, single-center, placebo- 
controlled, double-masked phase 2 study of ocriplasmin 
administered pre-operatively to pediatric patients included 
only one patient with pediatric traumatic macular hole. 
Overall, the study found no significant difference in rates of 
total macular PVD, vitreous liquefaction grade, or adverse 
effects in ocriplasmin versus placebo-treated eyes, but was 
limited by the heterogeneous diseases included and a small 
sample size [39]. Adverse effects reported in the adult ocri-
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Fig. 31.2 Spontaneous closure of a pediatric traumatic macular hole. 
(a) Optical coherence tomography (OCT) of a 15-year-old female who 
sustained a soccer ball injury to the right eye reveals a full-thickness 
macular hole with slightly raised edges and cystic macular edema 
(CME). Visual acuity was 20/40. (b) After observation and treatment 

with topical nonsteroid anti-inflammatory drops, OCT reveals resolved 
CME and closed macular hole. Visual acuity was 20/25. (c) Eight 
months after the injury, OCT reveals a closed macular hole with a small 
residual defect in the ellipsoid zone. Visual acuity was 20/20
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plasmin population after ocriplasmin use include retinal tear, 
retinal detachment, retinal vascular findings, electroretino-
gram abnormalities, and abnormalities in the ellipsoid zone, 
as well as lens subluxation [40], which was also found in one 
pediatric patient receiving ocriplasmin prior to vitrectomy 
[39]. Oncriplasmin is not approved by the FDA in the USA 
presently for use in the pediatric population.

Transforming growth factor β (TGF-β) and platelet con-
centrates (e.g., autologous platelet-rich plasma, obtained by 
collecting the platelet-rich supernatant after centrifuging the 
patient’s blood) were used in early reports of surgery for 
pediatric traumatic macular holes to facilitate hole closure by 
stimulating fibroglial proliferation at the edge of the macular 
defect and/or providing support similar that that achieved by 
tamponade [23, 33, 34, 41, 42]. While there are no random-
ized controlled trials comparing outcomes for pediatric mac-
ular hole surgery with and without use of these adjuncts, 
such adjuncts may be considered for chronic or large holes, 

recurrent holes, holes that failed to close after a previous sur-
gery (Fig.  31.3), or in patients such as young pediatric 
patients who are unable to position.
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Non-accidental Trauma
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Abstract

Non-accidental trauma (NAT) is a leading cause of 
 childhood traumatic injury in the United States. Retinal 
findings in NAT are common and well described, includ-
ing extensive retinal hemorrhages in multiple layers, reti-
noschisis, perimacular retinal folds, vitreous and optic 
nerve hemorrhage. Management keystones include a mul-
tidisciplinary approach to the patient’s multiple comor-
bidities, careful photographic and angiographic 
documentation of ophthalmic findings, amblyopia pre-
vention and visual development, as well as interventions 
including photocoagulation and vitrectomy.
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Abbreviations

FA Fluorescein angiography
ILM internal limiting membrane
NAT non-accidental trauma
OCT optical coherence tomography
RH retinal hemorrhage

32.1  Introduction

Non-accidental trauma (NAT) is a leading cause of child-
hood traumatic injury in the United States [1, 2]. In 2016, an 
estimated 2.36 per 100,000 children died as a result of abuse 
and neglect. The ages most at risk are 0–3 years, and crying 
is the most common inciting event [3]. Shaking is thought to 
result in a shearing injury between the posterior vitreous face 
and the retina resulting in extensive retinal hemorrhages. The 
sensitivity and specificity of retinal hemorrhages (RH) in the 
diagnosis of child abuse have been reported at 75% and 
93.2%, respectively [1]. In addition to shearing, the accelera-
tion–deceleration forces involved with shaking are thought 
to cause retinal injury, similar to the mechanism responsible 
for the development of diffuse axonal brain injury in these 
infants. Additional findings include retinoschisis, perimacu-
lar retinal folds, vitreous and optic nerve hemorrhage [4–8] 
(Figs.  32.1, 32.2 and 32.3). Ischemia may lead to retinal 
 neovascularization, vitreous hemorrhage, and tractional reti-
nal detachment [9–12].

32.2  Evaluation

The evaluation of retinal hemorrhages in the setting of sus-
pected NAT has important medical, social, and legal implica-
tions. The management of NAT requires a multidisciplinary 
team with careful documentation with Ret Cam photos, 
examination under anesthesia, as well as careful co- 
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Fig. 32.1 This 10-month-old male was found at daycare with a 
decreasing level of consciousness and agonal breathing after NAT. He 
was diagnosed with subdural hemorrhage, hemispheric infarct, trau-
matic brain injury, cervical hemorrhage, rib fractures, and lung contu-

sion. The color fundus photographs show sub-hyaloid hemorrhage, 
nerve head hemorrhage, and multiple bilateral intraretinal hemorrhages 
(Images courtesy of C. Armitage Harper III, MD)

Fig. 32.2 This 6-month-old male was found non-responsive at home. 
He had been previously admitted for subdural hemorrhage after falling 
out of bed 2 months prior. He was diagnosed with anoxic brain injury 

and pronounced deceased on arrival to the hospital. The color fundus 
photographs show multiple bilateral preretinal, intraretinal, and subreti-
nal hemorrhages (Images courtesy of C. Armitage Harper III, MD)
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management of the patient’s comorbidities often including 
extensive neurologic, cardiopulmonary, and orthopedic inju-
ries. Additional modalities for evaluation and documentation 
of ophthalmic findings include fluorescein angiography (FA) 
and optical coherence tomography (OCT). FA provides angi-
ographic evidence of peripheral retinal nonperfusion in NAT 
[11–14]. These angiographic defects appear to persist even 
after other visible signs of trauma have resolved [12] 
(Figs. 32.4, 32.5, 32.6 and 32.7). OCT provides information 
about the density, thickness, and location of hemorrhage use-
ful for management decisions and surgical repair. OCT can 
help assess whether the fovea is blocked by sub-hyaloid or 
sub-internal limiting membrane blood and assess whether 
there is a macular hole (Fig. 32.8).

32.3  Medical Management

Hemorrhage after NAT typically improves without further 
intervention, thus medical management centers on amblyo-
pia prevention, and patients should be closely followed by 
pediatric ophthalmologists for visual development. Patient 
positioning sometimes is necessary in premacular hemor-

rhages to allow dependent clearance of vitreous hemorrhage 
from the visual axis if not surgically significant. However, in 
some cases, neovascularization may occur. The mechanism 
for neovascularization after NAT and how best to treat it is 
debated. Neovascularization can result from ischemia from 
retinoschisis (described also in juvenile retinoschisis [15–
17] and senile retinoschisis [18]), as well as from ischemia 
from disruption of capillary networks [9]. Additionally, the 
tightly adherent posterior hyaloid face as well as preretinal 
hemorrhage may provide a scaffold for aberrant neovascular-
ization and fibrous proliferation. In the setting of multiple 
reports of neovascularization after NAT [9, 10, 13, 19], 
Kiernan et  al. suggested prophylactic photoablation to the 
nonperfused peripheral retina may be warranted, especially 
in children whose long-term follow-up cannot be certain. 
Laser photoablation, though effective, has well-documented 
adverse effects including the formation of cataract, vitreous 
hemorrhage, iris synechiae, constriction of visual field, stra-
bismus, and high myopia. In some series, angiographic evi-
dence of peripheral nonperfusion is documented without 
subsequent development of neovascularization [11, 12]. 
Thus, deciding who and when to treat will be an important 
area to elucidate.

Fig. 32.3 This 12-month-old male with a history of benign macro-
cephaly and plagiocephaly was found non-responsive after falling from 
bed. He was diagnosed with severe anoxic encephalopathy, subdural 

hemorrhages and suffered cardiorespiratory arrest. The color fundus 
photographs show diffuse bilateral preretinal, intraretinal, and subreti-
nal hemorrhages (Images courtesy of C. Armitage Harper III, MD)

32 Non-accidental Trauma



286

32.4  Surgical Management

The use of vitrectomy in NAT is also widely debated. While 
RHs typically resolve within 4–6 weeks, preretinal hemor-
rhage may persist for weeks and vitreous hemorrhage for 
months. In the case of thick, non-clearing hemorrhage, surgi-
cal intervention may be warranted to reduce the risk of depri-
vation amblyopia and progressive tractional fibrotic changes 
[20–22] (Figs.  32.9, 32.10, 32.11 and 32.12). In smaller 
pediatric eyes, sclerotomies must be placed strategically to 
avoid iatrogenic damage to the crystalline lens and periph-
eral retina. The standard guidelines for port placement used 
for adults are not appropriate for pediatric patients, and Dr. 

Chang and colleagues have proposed a pediatric pars plana 
vitrectomy sclerotomy nomogram taking into account the 
pediatric patient’s age and underlying diagnosis (Tables 32.1 
and 32.2) [23]. Small gauge (i.e., 25 gauge) instrumentation 
is used to allow for optimal intraoperative maneuverability. 
During the vitrectomy, the hyaloid may be less adherent and 
a posterior vitreous detachment easier to induce due to prior 
trauma and the plasmin effects of the vitreous hemorrhage. If 
there is a large amount of sub-internal limiting membrane 
hemorrhage, one may consider peeling the internal limiting 
membrane. In some cases, immediate sequential bilateral 
vitreoretinal surgery (ISBVS), performed in both eyes 
sequentially during the same anesthesia session may be fea-

Fig. 32.4 This 5-month-old female was brought to the emergency 
room with a loss of consciousness and seizures after NAT.  She was 
diagnosed with skull fractures and subdural hematoma. Four days after 
trauma, color photographs show showed diffuse retinal hemorrhages 
(a) and peripheral nonperfusion on FA (b). EUA 5 months later showed 
interval resolution of retinal hemorrhages (c), but persistent peripheral 

nonperfusion on FA (d). (Images courtesy of Audina M.  Berrocal, 
MD.  Reproduced from Tran K, Ko A, Read S, et  al. The Use of 
Fluorescein Angiography to Evaluate Pediatric Abusive Head Trauma: 
An Observational Case Series. Journal of Vitreoretinal Diseases. 
2017;1(5):321-327) [12]
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sible and safe for pediatric patients with bilateral vitreoreti-
nal pathologic features when repeated general anesthesia is 
undesirable or impractical [24].

The potential benefit of vitrectomy must be weighed 
against the additional limitations to visual potential 
including cortical visual loss, optic atrophy, pigmentary 
changes in the macula, and retinal ischemia as well as 
potential complications of surgery including iatrogenic 
breaks and the patient’s multiple systemic comorbidities 
associated with NAT.  Additionally, vitrectomy plays an 
uncertain role in the prevention of neovascularization. A 

posterior vitreous detachment (PVD) is often difficult to 
attain, and thus the scaffold for neovascularization and 
fibrous proliferation may persist. However, removal of the 
formed vitreous may decrease the intraocular VEGF con-
centration and in this way decrease the risk of aberrant 
angiogenesis. Ocriplasmin is currently being studied as a 
surgical adjunct to vitrectomy in pediatric vitreoretinopa-
thies to aid with the induction of PVD [25], and the use of 
intravitreal tissue plasminogen and SF6 have been 
described for pediatric sub-hyaloid hemorrhage associ-
ated with NAT [26].

Fig. 32.5 This 6-week-old male was brought to the emergency depart-
ment for new seizures after NAT. He was diagnosed with subdural and 
subarachnoid hemorrhages and fracture of the left radius. Two days 
after presentation, color photographs demonstrated retinal hemorrhages 
(a), peripheral nonperfusion, and late small vessel leakage on FA (b). 
Repeat EUA 3 months later showed interval resolution of retinal hem-

orrhages (c), but persistent peripheral nonperfusion on FA (d) (Images 
courtesy of Audina M. Berrocal, MD. Reproduced from Tran K, Ko A, 
Read S, et al. The Use of Fluorescein Angiography to Evaluate Pediatric 
Abusive Head Trauma: An Observational Case Series. Journal of 
Vitreoretinal Diseases. 2017;1(5):321-327) [12]
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Fig. 32.6 This 4-month-old male was brought to the emergency 
department for shortness of breath and was diagnosed with multiple 
skull fractures, rib fractures, and pneumothorax after NAT. On presen-
tation, retinal hemorrhages were noted (a). Follow-up EUA 3 months 
later showed interval resolution of retinal hemorrhages (b), but persis-

tent peripheral nonperfusion on FA (c). (Images courtesy of Audina 
M. Berrocal, MD. Reproduced from Tran K, Ko A, Read S, et al. The 
Use of Fluorescein Angiography to Evaluate Pediatric Abusive Head 
Trauma: An Observational Case Series. Journal of Vitreoretinal 
Diseases. 2017;1(5):321-327) [12]
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Fig. 32.7 This 2-year-old 
female was admitted to the 
intensive care unit with loss 
of consciousness after 
NAT. One month after trauma, 
color photographs showed 
diffuse preretinal, intraretinal, 
and subretinal hemorrhages 
within the macula and in all 
four quadrants (a, b). FA 
showed bilateral leakage from 
the optic nerve heads and 
peripheral nonperfusion 360 
degrees extending 2DD 
posterior to the ora (c, d). On 
follow-up EUA 2 months 
later, the fundus exam showed 
fibrosis surrounding the optic 
nerves, subretinal fluid within 
the macula, interval 
improvement in peripheral 
retinal hemorrhages, but 
persistent areas of severe 
retinal ischemia with pinpoint 
areas of leakage and 
neovascularization in both 
eyes (e–h). (Images courtesy 
of Audina M. Berrocal, 
MD. Reproduced from Tran 
K, Ko A, Read S, et al. The 
Use of Fluorescein 
Angiography to Evaluate 
Pediatric Abusive Head 
Trauma: An Observational 
Case Series. Journal of 
Vitreoretinal Diseases. 
2017;1(5):321-327) [12]
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Fig. 32.8 This 4-month-old female presented 3 months after trauma 
with a history subdural hemorrhages and seizures after suspected non- 
accidental trauma. She was diagnosed with sub-hyaloid and intraretinal 
hemorrhages in both eyes. The original optical coherence tomography 
(OCT) from presentation was blocked by hemorrhage; however, the 
follow-up OCT shows sub-internal limiting membrane hemorrhage 
with shadowing obscuring foveal visualization. The patient was man-

aged with observation and was closely followed by pediatric ophthal-
mology to evaluate for obstructive amblyopia. One month later, OCT 
shows the fovea is no longer blocked by hemorrhage, and there is no 
shadowing from sub-hyaloid hemorrhage. On last visit, OCT shows the 
fovea partially imaged but clearly without sub-hyaloid hemorrhage and 
with fair foveal contour (Images courtesy of Lejla Vajzovic, MD)

Fig. 32.9 This 4-month-old male was found to be non-responsive after 
NAT. He was diagnosed with subarachnoid and subdural hemorrhage, 
bilateral rib fractions, and left distal radius fracture. The color fundus 
photographs show vitreous hemorrhage, optic nerve hemorrhage, mul-
tiple intraretinal hemorrhages, and sub-internal limiting membrane 

hemorrhage. Four months after vitrectomy and membrane peel in both 
eyes, fundus photographs demonstrate resolution of previously noted 
hemorrhages, pale nerves, and attenuated vessels (Images courtesy of 
C. Armitage Harper III, MD)
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Fig. 32.10 This 3-month-old female was found to have spontaneous 
seizures after NAT. She was diagnosed with convulsive status epilepti-
cus, subarachnoid and subdural hemorrhage, acute respiratory failure, 
anoxic brain injury. The color fundus photographs show vitreous hem-
orrhage, optic nerve hemorrhage, multiple intraretinal hemorrhages, 

and sub-internal limiting membrane hemorrhage. Four weeks after vit-
rectomy, color fundus photographs show interval improvement in the 
intraretinal hemorrhages, pale nerve, and attenuated vessels (Images 
courtesy of C. Armitage Harper III, MD)
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Fig. 32.11 This 4-month-old African-American female was found to 
have diffuse dense scattered intraretinal and mild preretinal hemor-
rhage after NAT.  The patient was monitored, and the initial retinal 
hemorrhages improved significantly after several weeks. However, on 
follow- up at 2 months, the patient was diagnosed with vitreous hemor-
rhage and tractional retinal detachments resulting from ischemia and 
secondary re-neovascularization of the regressed hyaloidal artery. The 
color fundus photographs and fluorescein angiogram (FA) show bilat-

eral persistent fetal vasculature syndrome (PFVS)-like tractional reti-
nal detachments with leakage on FA. The patient underwent same-day 
bilateral vitrectomy, membrane peel, retinal cryopexy, and laser. Final 
postoperative color photographs at almost 3 years of age: right eye 
shows ischemic retina attached under fluid with optic atrophy. The left 
eye shows a settled re-attached trifold PFVS-like stalk configuration 
with ischemic retina under fluid (Images courtesy of Emmanuel 
Y. Chang, MD, PhD)
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Fig. 32.12 This 8-year-old male was found down at 4 months old and 
diagnosed with large subdural hematomas and severe bilateral prereti-
nal hemorrhages after NAT.  He underwent bilateral vitrectomy 10 
weeks after presentation due to the risk of amblyopia. At the last follow-

 up, the patient is 20/200 best-corrected visual acuity in both eyes with 
nystagmus. The color fundus photographs and optical coherence 
tomography (OCT) show bilateral disc pallor, foveal atrophy, and atten-
uated vessels (Images courtesy of C. Armitage Harper III, MD)
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Table 32.1 Sclerotomy site placement for infants and children based on disease type and age (Images courtesy of Emmanuel Y.  Chang, 
MD. Reproduced from Wright LM, Harper CA III, Chang EY. Management of Infantile and Childhood Retinopathies: Optimized Pars Plana 
Vitrectomy Sclerotomy Nomogram. Ophthalmology Retina. 2018; 2:1227-1234) [23]

Age
Distance posterior to the limbus,a mm
Control FEVRb PFVb Colobomab Stidder syndrome/myoptia

1 month 0.75 0.75 0.75 0.5–0.75 1.5
2 months 1.0 0.75 1.0 0.5–0.75 2.0
3 months 1.0 0.75 1.0 0.5–0.75 2.0
4 months 1.5 1.0 1.0 0.5–0.75 2.0
5 months 1.5 1.0 1.0 0.5–0.75 2.5
6 months 1.5 1.0 1.0 0.5–0.75 2.5
7 months 1.5 1.5 1.5 0.5–0.75 2.5
8 months 2.0 1.5 1.5 0.5–0.75 2.5
9 months 2.0 1.5 1.5 1.0 2.5
10 months 2.0 1.5 1.5 1.0 2.5
11 months 2.0 2.0 1.5 1.0 2.5
12 months 2.0 2.0 1.5 1.0 2.5
18 months 2.5 2.0 1.5 1.5 3.0
2 years 2.5 2.5 2.0 2.0 3.0
3 years 3.0 2.5 2.0 2.0 3.5
4 years 3.0 3.0 2.0 2.5 3.5
5 years 3.0 3.0 2.0 2.5 3.5
6 years 3.5 3.5 2.5 3.0 3.5
7 years 3.5 3.5 2.5 3.0 4.0
8 years 3.5 3.5 2.5 3.0 4.0
9 years 3.5 3.5 2.5 3.5 4.0
10 years 3.5 3.5 2.5 3.5 4.0
11 years 3.5 3.5 2.5 3.5 4.0
12 years 3.5 4.0 2.5 3.5 4.0
13 years 4.0 4.0 2.5 3.5 4.0
14 years 4.0 4.0 2.5 4.0 4.0
15 years 4.0 4.0 2.5 4.0 4.0
16 years 4.0 4.0 3.0 4.0 4.0
17 years 4.0 4.0 3.0 4.0 4.0
18 years 4.0 4.0 3.0 4.0 4.0

FEVR familial exudative vitreoretin opathy, PFV persistent fetal vasculature, ROP retinopathy of prematurity
aDetermination of ora-limbus distance is based on regression analyses of control and disease subjects, as measured from the limbus, permitting 
≥1 mm from the ora serrate; we recommend nasal sclerotomies be placed 0.25–0.5 mm shorter than the recommended location
bWe recommend variability in ora-limbus distance and possible anterior—posterior contraction among infants
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PMA, weeks Distance posterior to limbus,a mm
34 1.6–2.1
35 1.6–2.1
36 1.6–2.1
37 1.5–2.0
38 1.5–2.0
39 1.4–1.9
40 1.4–1.9
41 1.4–1.9
42 1.3–1.8
43 1.3–1.8
44 1.3–1.8
45 1.2–1.7
46 1.2–1.7
47 1.2–1.7
48 1.1–1.6

PMA postmenstrual age
aDetermination of ora-limbus distance is based on regression analyses, 
as measured from the limbus, permitting ≥1 mm from the ora serata; we 
recommend nasal sclerotomies be 0.25–0.5 mm shorter than the recom-
mended location. We recommend transillumination guided identifica-
tion of the on serrata, given the variability in ora-limbus distance and 
possible anterior–posterior contraction among infants
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Rhegmatogenous Retinal Detachments 
in the Pediatric Population and Special 
Considerations for Pediatric 
Vitreoretinal Surgery

Nicola Y. Gan and Wai-Ching Lam

Abstract

In this chapter, the authors present a concise summary of 
the more commonly seen types of rhegmatogenous retinal 
detachments (RRD) one can encounter in pediatric 
patients. A spectrum of diseases and their management 
will be described, including Stickler syndrome, Marfan 
syndrome, choroidal coloboma, and atopic dermatitis 
associated RRD. As the pediatric eye is smaller than the 
adult eye, certain considerations must be borne in mind 
when performing pediatric vitreoretinal surgeries. A sec-
tion on surgical management pearls is included at the end 
of this chapter.
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33.1  Introduction

Retinal detachments in the pediatric population span a vari-
ety of congenital and acquired conditions with some not 
commonly seen in adults. In this chapter, we describe the 
more commonly encountered types of rhegmatogenous reti-
nal detachments, and highlight important pearls in the diag-
nosis and management of each.

33.1.1  Epidemiology and Clinical Presentation

The causes of RRD can be divided into traumatic and non- 
traumatic. Non-traumatic causes include (1) myopia; (2) 
hereditary congenital anomalies (more common examples 
include Stickler syndrome, Marfan syndrome, and X-linked 
retinoschisis); (3) non-hereditary developmental anomalies, 
e.g., choroidal coloboma, cicatricial retinopathy of prematu-
rity (ROP); and (4) previous intraocular surgery [1–6].

Delayed diagnosis is a significant feature of pediatric 
RRDs. Compared to adults, children with non-traumatic 
RRDs usually present at a later stage and with detachments 
of undetermined duration. At presentation, the macula is 
often involved or proliferative vitreoretinopathy (PVR) is 
present. The incidence of PVR has been reported in various 
studies to range from 40% to 45% [2, 6, 7]. Occasionally a 
child presents late with sensory strabismus as a result of an 
undiagnosed chronic retinal detachment. Bilateral involve-
ment has also been reported to be more common in pediatric 
non-traumatic RRDs, with a range of 15–22% [2, 3].

Conversely, traumatic RRDs usually present acutely and 
with a known duration. In a large series of 127 eyes, Soheilian 
M et al. [2] reported a statistically significant higher male to 
female ratio in traumatic RRDs (9.8:1), but no significant 
difference in non-traumatic cases [2]. In a retrospective case 
series of 88 eyes in patients aged 0–16 years by Lee RWJ 
et al. [8], 53% of RRDs were related to trauma and 44% of 
these had retinal dialyses. Interestingly, in the idiopathic 
RRD group, 76% were found to have retinal dialysis. 
Previous series have reported similar findings [9, 10] sug-
gesting that “spontaneous” dialyses are a separate clinical 
entity in the pediatric age group. It has been postulated that 
the temporal retina is the last area of the retina to vascularize; 
therefore, retinal dialyses may occur in children with a con-
genital predisposition [11]. If vitreous hemorrhage or cata-
ract is absent, treatment of choice is usually a circumferential 
segmental scleral buckle [12]. It is recommended that the 
width of the buckle should extend from the ora serrata ante-
riorly to cover the entire width of the dialysis [13]. Anatomical 
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reattachment was reported in 67–88% of cases, with low 
rates of PVR [14, 15].

The reported overall anatomic success rate of surgical 
repair of pediatric RRDs ranges from 74.9% to 80% [2, 3]. 
Performing a pneumatic retinopexy (PR) may be considered 
in some older children with RRD.  Warder D et  al. [16] 
reported a retrospective, non-interventional comparative 
case series of PR done in 27 eyes, in 26 patients (9–18 years 
old) and found an overall anatomical success rate of 63% 
with a single procedure.

33.1.2  RRDs Associated with Congenital 
Developmental Anomalies

• Epidemiology and Clinical Presentation

The reported incidence of congenital developmental 
anomalies as a cause of pediatric RRD ranges from 12% to 
56% [2, 3, 7, 17, 18]. In studies done in East Asian countries, 
e.g., Taiwan, the incidence reported is lower at 12–17% as 
there is a higher incidence of RRD associated with high 
myopia [3, 6].

In a retrospective case series of 127 eyes, Soheilian M 
et al. [2] reported that congenital-developmental anomalies 
comprise 52.5% of RRDs in children below the age of 10 
years, with an overall incidence of 39.3%. Hereditary vitreo-
retinopathies comprise the majority with Stickler syndrome 
being the most common [2, 18].

33.1.2.1  Stickler Syndrome
Stickler et  al. [19] described a pedigree combining ocular, 
facial, palatal, and skeletal changes in 1965. Prominent fea-
tures of this disorder include generalized arthropathy, cleft 
palate, flat face, hearing loss, and spondylo-epiphyseal dys-
plasia. Abnormalities of the vitreous gel structure are pathog-
nomonic of this disorder. The inheritance is usually in an 
autosomal dominant pattern, but it can also occur 
sporadically.

Type I Stickler syndrome has a membranous vitreous 
phenotype, is most common and is associated with gene 
mutations for synthesis of collagen type II (COL2A1) [20, 
21]. The less common type II Stickler syndrome has a beaded 
vitreous phenotype (type 2 vitreous) and is associated with 
mutation in the COL11A1 gene which codes for type XI col-
lagen. Type III Stickler syndrome has no ocular findings.

Non-ocular features Facial features of patients with 
Stickler syndrome include abnormal nasal, maxillary, and 
mandibular bony development. Patients usually have an 
underdeveloped nasal bone with a saddle nose. Other skel-
etal abnormalities include epiphyseal dysplasia, lax joints, 
and early onset progressive arthritis [19, 20, 22, 23]. 

Neurosensory hearing loss also affects most patients over 
time [23, 24].

Ocular features In Stickler syndrome, early-onset cataract 
is common with a characteristic lamellar wedge-shaped 
lens opacity occurring symmetrically in both eyes reflect-
ing the embryologic abnormality in this syndrome [23, 25]. 
Patients are usually highly myopic with peripheral retinal 
thinning and retinal breaks, including giant retinal tears. In 
type I Stickler syndrome, the vitreous gel is optically empty 
with the presence of a fibrillar retrolenticular membrane 
extending to the pars plana and the peripheral retina. In type 
II Stickler syndrome, vitreous changes present are beaded 
condensations in the retrolenticular space, with peripheral 
lattice degeneration and perivascular pigmentation.

RRD is the most serious ocular complication of Stickler 
syndrome and may occur early in life. Eight percent of 
affected children have RRD between the ages of 0 and 9 
years and 26% between 10 and 19 years [23, 26]. The inci-
dence of RRD varies between different reports and ranges 
between 10% and 73% [23, 25, 27–29]. There is a propensity 
for giant retinal tear formation (Fig. 33.1), but a spectrum of 
retinal breaks may be seen [18, 29, 30].

A detailed examination of both eyes is mandatory in 
patients with Stickler syndrome, with the need to consider 
prophylactic treatment of high-risk peripheral retinal pathol-
ogy in the fellow eye. Bilateral RDs are common and range 
from 39% to 51% [18, 27, 29, 31].

Ang et al. 2008 [27] did a large retrospective study on 204 
type I Stickler syndrome patients and concluded that prophy-
lactic treatment (either unilateral or bilateral 360 degrees of 
cryotherapy applied to the post-oral retina) reduced the risk 
of developing a retinal detachment. They published a statisti-

Fig. 33.1 Giant retinal tear with retinal detachment in a patient with 
Stickler syndrome
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cally significant difference in the incidence of RD in patients 
with type I Stickler syndrome without prophylaxis (73%, 81 
of 111) versus failure of prophylaxis in patients with bilat-
eral cryotherapy (5 of 62 [8%]) and patients with unilateral 
cryotherapy (3 of 31 [10%]). However, this approach is 
unconventional and based on one study. We prefer to carry 
out prophylactic treatment only to high-risk lesions such as 
lattice degeneration.

Lastly, screening the family members of Stickler syn-
drome patients is also an important strategy to identify other 
affected members for prophylaxis or early treatment.

33.1.2.2  Marfan Syndrome
Marfan syndrome is an autosomal dominant disorder that 
involves the ocular, cardiovascular, and musculoskeletal sys-
tems. The genetic defect is found on the long arm of chromo-
some 15, known as fibrillin 1 gene (FBN1). The pathogenesis 
lies in a defect in the production of fibrillin, a glycoprotein 
that is an essential component of the microfibril assembly in 
the extracellular matrix. Microfibrils are essential in the 
deposition of elastin, which is present in the lens, zonules, 
and joint capsule [1, 32]. Fibrillin is also found in ocular 
structures such as the lamina cribrosa, sclera, choroid, and 
Bruch’s membrane [33]. The revised Ghent nosology is most 
widely used to diagnose this syndrome [34].

Non-ocular features The cardiovascular manifestations 
include aortic dilatation and dissecting aneurysms. Mitral 
valve prolapse affects 60–70% of patients [35]. 
Musculoskeletal features include tall stature (>95th percen-
tile by age/race/sex), joint laxity, hyper-extensible joints, 
arachnodactyly or long fingers, dolichostenomelia or long 
limbs, scoliosis, pectus deformities of the anterior chest wall, 
congenital contractures of the digits and elbows and general-
ized osteopenia [36].

Ocular features Non-traumatic ectopia lentis (Fig. 33.2) is 
the most common ocular presentation in Marfan syndrome 
and is seen in 50–80% of patients [37, 38]. Lens subluxation 
is usually towards the superotemporal meridian. Patients 
usually have poorly dilating pupils and iris transillumination 
defects. Axial myopia is common and Maumenee IH [37] 
found that 21% of eyes had myopia of 7 diopters or more.

Retinal detachment occurs in 5–11% of these patients and 
increases to 8–38% in those who have ectopia lentis or who 
have undergone cataract surgery [37–39]. Most develop RD 
at a young age [37]. In a large series, it has been reported that 
70% of 160 patients with RD were below the age of 20 years. 
Bilateral RD is common and may reach 70% [40, 41].

Due to the high incidence of bilaterality, careful evalua-
tion and monitoring of the fellow eye is recommended and 
prophylactic treatment may be justified [41]. Patients with 

Marfan syndrome tend to have more complex RRDs includ-
ing giant retinal tears. The main difference between patients 
with Marfan syndrome versus Stickler syndrome is that the 
congenital vitreous anomaly seen in Stickler syndrome is 
absent. The pathogenesis of RD in Marfan is related to pos-
terior vitreous detachment. The incidence of detachment is 
related to the level of myopia, and these patients have vitre-
ous degenerative changes similar to that found in myopic 
eyes [37, 42]. Lens subluxation and lens extraction are also 
risk factors for developing retinal detachment [38].

Retinal detachments in Marfan syndrome can be a surgi-
cal challenge. Special considerations include a poorly dilat-
ing pupil and subluxed lens that can sometimes limit 
visualization of the retina. In eyes with minimal lens sublux-
ation and well-dilated pupils, the RD can be successfully 
repaired using standard scleral buckling techniques. 
However, complex retinal detachments with severe lens sub-
luxation are better managed with pars plana lensectomy, vit-
rectomy, and endotamponade using long-acting gas or 
silicone oil, with or without scleral buckling. With current 
advanced surgical techniques, anatomic success rates 
reported for repair of RDs in Marfan syndrome are compa-
rable with non-Marfan eyes at 75–86% [40, 41].

33.1.2.3  Retino-choroidal Coloboma
Coloboma of the retina and choroid is a rare condition occur-
ring in only 0.14% of the general population [43]. The preva-
lence of RRDs in this group of eyes has been reported to be 
23–40% [44, 45].

A retino-choroidal coloboma is caused by incomplete clo-
sure of the embryonic fissure at the seventh week of gestation. 
It may also be associated with colobomas of the eyelid and 
iris. Histologically, the choroidal coloboma area is deficient 
in the normal choroid, retinal pigment epithelium (RPE), and 
retina (Fig. 33.3). The retina splits into two layers near the 

Fig. 33.2 Ectopia lentis in a patient with Marfan syndrome
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margin of the coloboma; the inner neuroblastic layer shows 
the central continuation of the intercalary membrane (ICM) 
to the coloboma, whereas the outer neuroblastic layer turns 
back, becomes disorganized, and fuses with the RPE.  The 
retina gradually thins into the ICM, with a high chance of 
breaks in the ICM developing along the edge of the colo-
boma, or towards the center [46, 47]. Retinal breaks within 
such abnormal tissue are hard to identify clinically due to the 
lack of contrast. A break in the ICM with communication 
between the sub-ICM space and the subretinal space can be 

demonstrated well on optical coherence tomography (OCT) 
[46–48].

Repair of coloboma-associated retinal detachment 
(Fig. 33.4) remains a surgical challenge to date, especially if 
the optic nerve is involved and if there are associated ocular 
anomalies such as microphthalmia, cataract, and lens colo-
boma [50]. For a retinal detachment occurring in a colobo-
matous eye that does not involve the area of the coloboma, 
surgical repair principles are the same.

a

c d

b

Fig. 33.3 (a) Iris coloboma with inferior key-hole defect, (b) Retino- 
choroidal coloboma adjacent to the optic disc seen as an excavation on 
B-scan ultrasound, (c) Peripapillary retino-choroidal coloboma, (d) 

OCT scan through the peripapillary retino-choroidal coloboma demon-
strating a cavity due to a deficiency in the retina, retina pigment epithe-
lium, and choroidal layers
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Previously, Wang K et al. [50] advised buckling the mar-
gin of the coloboma with two radial buckles. Patnaik et al. 
[51] reported success in a patient in which they buckled the 
entire coloboma. However, with the advent of small gauge 
pars plana vitrectomy, most coloboma-related retinal detach-
ments are now repaired via the intraocular approach. The 
identification of breaks in the ICM is easier with intraocular 
visualization in a pars plana vitrectomy [52]. Direct closure 
of the breaks with cyanoacrylate glue has been described 
[53]. However, in most cases, direct closure is not possible. 
Glue is not effective in a split or atrophied ICM as only the 
inner layer of the schisis will be sealed and progressive atro-
phy may enlarge the hole as the ICM contracts. The best 
approach, therefore, would be to isolate the coloboma from 
the rest of the retina [48].

Meticulous removal of vitreous attachments and incision 
of the ICM to weaken it are important to relieve traction on 
the break within the ICM.  Laser retinopexy can then be 
applied around the coloboma margin to create a border of 
chorioretinal adhesion. It is difficult to create chorioretinal 
adhesion directly around holes in the ICM as the choroid and 
RPE are absent. After creating a circumferential barrier of 
chorioretinal adhesion, endotamponade with gas [54] is pre-
ferred as silicone oil [52, 55] has the potential risk of getting 
into the subretinal space through the colobomatous defect.

In eyes where the coloboma involves the optic nerve, peri-
papillary endolaser photocoagulation through the papillo-
macular bundle may result in laser-induced retinal nerve 
fiber layer damage, leading to poor visual improvement even 
with retinal reattachment [56]. In these eyes, underlying 
amblyopia also limits functional recovery. McDonald et al. 
[56] suggested that postoperative laser treatment through the 
papillomacular bundle may be preferable. However, this is 
not easily performed in the clinic.

33.1.2.4  Atopic Dermatitis
Atopic dermatitis is associated with ocular complications 
including keratoconjunctivitis, blepharitis, keratoconus, uve-
itis, subcapsular cataracts, and retinal detachment. In patients 
with RD, causative retinal breaks are usually peripheral. 
Retinal dialysis or breaks in the ciliary epithelium of the pars 
plicata and pars plana [57–59] have been described. In addi-
tion, a high incidence of cataracts and proliferative vitreo-
retinopathy (PVR) may be found in these eyes [60].

Most patients with atopic dermatitis present with RD in 
adolescence or young adulthood. In a 12-year series of RDs 
in patients under 18 years old who attended a single center in 
Hong Kong, the average age of patients with atopic dermati-
tis related RRD was 14.67 ± 3.04 years [61]. The percentage 
of eyes with atopic dermatitis related RRD was 18.4% (9 of 
49 eyes). In another case series of consecutive RDs in a sin-
gle center in Japan from 1992 to 2011, the authors published 
the mean age of patients with atopic dermatitis related RRDs 
to be 22.9 years (range 12–57) at presentation [62].

Carmi et al. [63] found that the severity of atopic derma-
titis [64], face involvement, and external ocular signs [for 
example periorbital darkening, infraorbital fold (Dennie–
Morgan fold)] did not correlate to the incidence of ocular 
involvement.

Many theories have been published on the higher inci-
dence of RD in patients with atopic dermatitis. Balyeat [65] 
attributed the cause to edema of the peripheral retina. A 
shock organ theory was proposed by Coles and Laval [66], 
which takes into account the common embryonic origin of 
the skin, lens, and vitreous. They postulate that the retina 
detaches as a result of diseased vitreous that does not hold 
the retina firmly in place. Takahashi et al. [64] believe that 
anterior vitreoretinal traction plays an important role in the 
pathogenesis of tractional retinal breaks in patients with 
atopic dermatitis and cataracts. They postulate that repeated 
rubbing of the eye causes chronic blunt trauma. This triggers 
an abnormal immune reaction and inflammation in the 
peripheral retina, causing chronic cyclitis. Cyclitis affects 
the anterior vitreous, which leads to contractions that pro-
duce retinal breaks [57, 64]. Direct slapping of the eye is also 
a cause of blunt trauma that can result in retinal dialyses in 
this group of patients [64].

In pediatric and adolescent eyes with no PVR, the authors’ 
surgical procedure of choice is scleral buckling. It is impor-
tant to note that the incidence of buckle-related infections 
has been reported to be higher in patients with atopic derma-
titis. Oshima et al. [67] studied their scleral buckling proce-
dures done from 1995 to 1997 and published an 18.8% (6 of 
32) incidence of methicillin-resistant staphylococcus aureus 
(MRSA) infections in patients with atopic dermatitis, com-
pared to 0.4% (1 of 261, p < 0.001) in patients without atopic 
dermatitis. The average interval from the scleral buckle sur-

Fig. 33.4 Choroidal coloboma involving the optic disc with retinal 
detachment (Reproduced with permission from Gan et al. [49])

33 Rhegmatogenous Retinal Detachments in the Pediatric Population and Special Considerations for Pediatric Vitreoretinal Surgery



302

gery to the onset of infection was found to be 8.3 ± 9.1 days 
(range, 2–28 days) [67]. This can be attributed to the high 
incidence of staphylococcal or methicillin-resistant staphy-
lococcal colonization of the skin in patients with atopic der-
matitis. Previous studies have isolated staphylococcus aureus 
in 51–100% of patients with atopic dermatitis, compared to 
2–25% in healthy subjects [68–70]. Moreover, in atopic der-
matitis patients, the surgical drapes are usually hard to attach 
to the skin. The drapes often detach and expose the lid mar-
gins intraoperatively. This further increases the risk of con-
tamination from pathogens on the skin, lids, and lashes [67].

Therefore, the authors advise that extra care should be 
taken to thoroughly clean the eyelashes and skin with 
povidone- iodine at the start of surgery. Buckle implants may 
be soaked in broad-spectrum antibiotics, for example, 
cefazolin and gentamicin, or vancomycin if MRSA has been 
isolated in previous skin swab cultures of the patient. In 
addition, the authors also give a dose of intravenous antibiot-
ics peri-operatively (cefazolin or vancomycin) for prophy-
laxis. If buckle-related infection occurs, prompt removal of 
the buckle is recommended with repeat subconjunctival or 
intravitreal vancomycin injections. Early vitrectomy should 
be considered in selected cases [67].

33.2  Special Considerations for Pediatric 
Vitreoretinal Surgery

Pediatric vitreoretinal surgery has its unique set of chal-
lenges compared to surgery in the adult eye. Both vitrectomy 
and scleral buckling techniques may be used, but each has its 
advantages and disadvantages peculiar to the pediatric popu-
lation. Endoscopic vitrectomy is another useful technique to 
have in a vitreoretinal surgeon’s armamentarium, especially 
in complicated eyes with a poor view of the posterior seg-
ment. Enzymatic vitreolysis has been used as an adjunct to 
aid in complete vitreous separation and to reduce the risk of 
intraoperative retinal breaks. Finally, postoperative monitor-
ing and visual rehabilitation are essential in maximizing 
functional outcomes.

33.2.1  Anatomical Considerations

Infants have smaller eyes with different surgical landmarks 
compared to adult eyes. These anatomical considerations 
must be taken into account when performing a vitrectomy in 
newborns or in infants. Surgical instrumentation for a vitrec-
tomy can be approached via two ways, either anterior (trans- 
limbal) or posterior (trans pars plicata/pars plana).

The pars plana, through which vitreoretinal surgical 
instruments are usually safely introduced in adults, is not 
fully formed until approximately the age of 8–9 months [71]. 

As a rule of thumb, the sclerotomies are placed at 4 mm from 
the limbus only in children aged 4 years and older. The dis-
tance of the sclerotomies from the limbus is dependent on 
age and different practices may recommend different cutoffs 
(Table  33.1). Our practice is illustrated in the table below 
(Table 33.1) and can be easily remembered as adding 1 mm 
to the distance from the limbus with each year of age after 
the first year of life. Our sclerotomy approach is conservative 
and is applicable for a variety of eye sizes. For eyes with 
unusual anatomy such as microphthalmos in persistent fetal 
vasculature (PFV), or eyes with severe anterior segment 
abnormalities, trans-scleral illumination is another useful 
method to determine the location of the pars plana for safe 
sclerotomy entry [73] (Fig. 33.5).

As babies under 2 years of age have very thin sclera, 
trocar- cannula systems are utilized only at ≥2 years of age. 
Trocars are usually inserted perpendicular through the sclera 
as oblique placement of the trocars is associated with an 
increased risk of accidental trocar dislocation and lens 
trauma with the relatively thicker dimension of the children’s 
lens. This is because the trocars have a shorter path through 
the pediatric sclera compared to that in the adult sclera [72]. 
Therefore, sutureless sclerotomies are not advisable in pedi-
atric patients.

The posterior trans-pars plicata lens-sparing technique 
can only be considered if the surgeon can safely introduce 
the instruments without causing an iatrogenic retinal break. 

Table 33.1 Recommendations for the distance of the sclerotomy from 
the limbus

Age (months)
Distance of sclerotomy from limbus (millimeters)
Meier and Weidemann [72] Gan NY and Lam WC

<3 1.5 1.0
>3–6 2.0 1.0
>6–12 2.5 1.0
>12–24 3.0 2.0
>24 3.5 3.0

Fig. 33.5 Trans-scleral illumination to identify the pars plana (seen as 
the dark band) for safe sclerotomy entry
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Creating an iatrogenic retinal break in pediatric cases is best 
avoided as a vigorous proliferative response often follows 
[74]. This trans-pars plicata approach may not be possible in 
patients with advanced retinal detachment (e.g., stage 5 reti-
nopathy of prematurity (ROP) with extensive anterior trac-
tion, or severe anterior and posterior persistent fetal 
vasculature) or with a poor view posterior to the lens (e.g., in 
PFV with diffuse retrolental plaques). In these cases, the risk 
of instruments entering the subretinal space outweighs the 
benefits of performing lens-sparing surgery, and an anterior 
trans-limbal approach with lensectomy and vitrectomy is 
usually preferable.

In patients with advanced retinal detachment, lens removal 
necessitates a total capsulectomy. Residual capsule serves as 
a scaffold for pre-retinal membrane proliferation and second-
ary circumferential vitreoretinal contraction can result in cili-
ary body detachment and hypotony. Once formed, this 
contractile anterior ring is usually difficult to visualize and 
dissect safely. In cases with lenticulo-retinal apposition, the 
retina can generally be dissected away from the capsule with-
out causing retinal breaks. Anterior dissection of pre-retinal 
proliferative membranes can then proceed [75].

33.2.2  Surgical Techniques

In pediatric eyes, the surgical method of choice should take 
into account the anatomical differences compared to adult 
eyes, in addition to increased vitreoretinal adhesion and 
increased propensity for membrane proliferation.

33.2.2.1  Vitrectomy
Babies and infants have lower systolic blood pressure com-
pared to adults and surgeons must bear in mind that iatro-
genic occlusion of the central retinal artery can be induced if 
the infusion pressure is too high or with prolonged scleral 
depression. Therefore, the optic nerve must be observed at 
all times to ensure patency of the central retinal artery [76]. 
In the anterior trans-limbal approach, the infusion is usually 
supplied via a self-retaining anterior chamber maintainer. A 
shelving corneal wound is made with a 20G MVR blade and 
the 20G anterior chamber maintainer anchored in the corneal 
wound via grooves on its side (Fig. 33.6). The infusion pres-
sure should be optimized to reduce the risk of corneal cloud-
ing and retinal incarceration during the withdrawal of 
instruments.

The creation of a posterior vitreous detachment (PVD) is 
an important step in the successful management of a retinal 
detachment. This may be essential in managing RRD in 
older children. However, this is not recommended in eyes 
with ROP because of the very firmly adherent posterior vit-
reous. Forceful creation of a PVD when there is firmly 

adherent vitreous is not only challenging but also carries a 
high risk of inducing retinal tears [78].

In eyes with proliferative vitreoretinopathy, it is prefera-
ble to perform segmentation instead of delamination when 
removing pre-retinal membranes due to the firm vitreoretinal 
attachments in children.

When using heavy liquids intraoperatively, perfluoro-
decalin (C10F18) is the preferred tool of choice in pediatric 
retinal detachments as it has the highest specific gravity of 
1.93  g/cm3 and is ideal for flattening the retina which is 
usually thicker in babies and children. Posterior drainage 
retinotomies are best avoided as extensive fibrous prolifera-
tion can occur postoperatively, leading to retinal redetach-
ment. If a retinotomy is unavoidable, it is usually 
recommended to create one as close to the ora serrata as 
possible.

For vitreous tamponade, silicone oil should be avoided in 
cases of advanced retinal detachment such as stage 5 ROP or 
advanced posterior PFV with retinal detachment. The incom-
plete dissection of all the tractional components increases 
the risk of subretinal migration of silicone oil. Similarly, in 
the case of retinal detachment associated with coloboma, 
there is also an increased risk of subretinal migration of sili-
cone oil through the colobomatous defect; therefore, the use 
of silicone oil should be avoided.

33.2.2.2  Scleral Buckling
A scleral buckle may be used as a primary cerclage or as an 
encircling band in combination with vitrectomy. When com-
bined with a vitrectomy, the element of our choice for an 
encircling band in infants is a number 40 (2  mm) or 240 
(2.5 mm) silicone band (Fig. 33.7), and the band is usually 
placed just anterior to the equator. If additional height is 
needed, number 20 segmental element can be added.

Fig. 33.6 Trans-limbal self-retaining anterior chamber maintainer in a 
patient with previous blunt trauma, corneal laceration, total RD, and 12 
clock hours of anterior grade C PVR (Reproduced with permission 
from Gan et al. [77])
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In ROP-related detachments, the band is placed to support 
the ridge, akin to supporting a retinal tear, with the encircling 
element supporting the ridge along the anterior portion of the 
element. Sutures are imbricated to provide height [79]. 
Scleral belt loops are avoided in children as the sclera is thin-
ner than in adults. In pediatric rhegmatogenous retinal 
detachments, we usually recommend a broad, low buckle 
with precise localization of the retinal break on the buckle. 
However, due to the more vigorous reproliferation in chil-
dren, a slightly higher indent may be preferred by some, with 
care not to cause significant distortion of the globe and fur-
ther opening of the retinal break [80].

Postoperative complications of scleral buckling in chil-
dren include limitation of eye growth, development of 
amblyopia, and loss of vision from cycloplegic eyedrops. 
Some authors recommend dividing the encircling band 
approximately 3 months after the operation in children 
less than 2 years of age or in those whose eye growth is 
retarded. The band is preferably divided rather than 
removed as continued support may be provided by the 
encapsulated explant. In children with good visual poten-
tial in both eyes, atropine 1% eye drops should be avoided, 
instead a short-acting cycloplegic such as cyclopentolate 
0.5–1% may be prescribed to reduce the risk of develop-
ing amblyopia [80]. Refractive errors are also treated 
aggressively in the postoperative period to maximize 
visual outcomes.

33.2.2.3  Endoscopic Vitrectomy
The conventional surgeon’s perspective is to look down an 
operating microscope through the patient’s anterior segment 
and into the vitreous cavity and retina using contact or non- 
contact viewing systems. The endoscope, however, allows 
direct visualization of the vitreous cavity by capturing 
images through its internal tip. This results in a side-on intra-

operative view that is up to 90° off the conventional viewing 
axis of microscope-based systems.

Endoscopic vitrectomy is thus complementary to con-
ventional top-down microscope-based viewing systems as 
it is able to bypass anterior segment opacities and provide 
undistorted and unobstructed views of the space between 
the vitreous base and the posterior iris [81]. The surgeon 
performs heads-up surgery and looks at a display screen to 
see the posterior segment and anterior structures including 
the vitreous base, pars plicata, pars plana, ciliary body, 
lens, posterior iris surface, and the anterior hyaloid face 
(Fig. 33.8). The on- screen image is, however, two-dimen-
sional rather than three- dimensional, thus the surgeon 
needs to compensate by using non-stereoscopic clues such 
as shadows to judge distance [82].

Conventional top-down microscope viewing systems dis-
sociate the surgeon’s visual axis and source of illumination. 
Light is transmitted through the patient’s clear vitreous, 
resulting in the vitreous appearing mostly transparent. In 
contrast, the illumination and surgeon’s view of the reflected 
light that bounces off the retina/vitreous is co-axial in endo-
scopic vitrectomy. Vitreous and membranes appear more 
opaque because of the co-axial viewing and illumination, 
which is a bonus in pediatric detachments where removing 
adherent vitreous and membranes from the retinal surface is 
already challenging [81].

Endoscopy is particularly useful in advanced pediatric 
tractional retinal detachments in ROP or familial exudative 
vitreoretinopathy (FEVR), in which there is often a signifi-
cant anteroposterior tractional component with the retinal 
detachment extending towards the anterior hyaloid and lens. 
The endoscope enables better visualization of the side profile 
of the retinal detachment, versus looking at the top edge of 
the retinal detachment with a conventional top-down view, 
thereby facilitating more direct and potentially more com-
plete tissue dissection [83].

In ROP and PFV, extensive retrolental plaques may occur, 
blocking direct visualization of the underlying retina. 
Avoiding iatrogenic retinal breaks is critical in these cases. 
In PFV, the retina is also often drawn up along the hyaloidal 
stalk. Differentiating the limit of the retina along the stalk to 
allow safe transection is challenging with a bird’s eye view 
in conventional microscope-based systems. With endoscopy, 
direct visualization enables the entire side profile of the hya-
loidal stalk and its relationship to the retina to be seen with 
greater ease [84].

33.2.2.4  Enzymatic Vitreolysis
Pharmacologic vitreolysis has been attempted in pediatric 
eyes as an adjuvant to vitrectomy surgery. The hypothesis is 
that enzymatic vitreolysis can weaken the vitreoretinal junc-
tion, resulting in a more complete dissection of the hyaloid 
from the retina with less trauma to the retina and less iatro-

Fig. 33.7 Suturing an encircling scleral band in a child
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genic breaks. Plasmin-assisted vitrectomy has been described 
in patients with stage 5 ROP reducing iatrogenic breaks and 
improving anatomical outcomes in reoperations [85]; reduc-
ing the need for inner-wall retinectomies in congenital 
X-linked retinoschisis [86]; and improving the rates of com-
plete posterior vitreous detachment with successful closure 
of pediatric traumatic macular holes [87, 88]. In these stud-
ies, autologous or maternal plasmin enzyme was used. Blood 
was drawn a few days prior to the surgery, centrifuged and 
purified followed by eluting of plasminogen and finally, con-
version to plasmin with streptokinase.

Ocriplasmin is a recombinant protease enzyme that can 
lyse fibronectin and laminin, components of the vitreomacu-
lar interface. It is a stable, truncated form of plasmin and has 
several advantages over plasmin including its stability and 
smaller size, hence increased ability to penetrate tissues [89]. 
Its use as an intravitreal injection (125 μg) has been studied 
in two phase III randomized controlled trials for symptom-
atic vitreomacular adhesion (VMA) and vitreomacular trac-
tion (VMT) [90] and approved for use in more than 50 
countries. The MIVI-TRUST study reported VMT release in 
26.5% and closure of small full-thickness macular holes in 
40.6% [90]. However, ellipsoid zone changes have been seen 
in some treated eyes, reportedly more common in those with 
resolution of VMT but mainly transient [91].

Drenser et al. [92] report a Phase 2 single-center, prospec-
tive, randomized, placebo-controlled, double-masked study 
with 22 pediatric patients randomized 2:1 to receive 175 μg 

of ocriplasmin injection or placebo 30–60 min before vitrec-
tomy. They found that ocriplasmin was generally well toler-
ated. However, the primary efficacy endpoint of total macular 
PVD either before vitrectomy or after suction was seen in 
50% (8 of 16) of ocriplasmin-treated eyes and 62.5% (5 of 8) 
of placebo-treated eyes. The study sample size was small in 
this study. Therefore, true efficacy of ocriplasmin as an 
adjunct cannot be adequately assessed.

As shown in the above small studies, enzymatic vitreoly-
sis is a useful tool in complicated pediatric vitrectomies. 
However, large randomized controlled trials are still needed 
before pre-vitrectomy injection is an approved indication for 
ocriplasmin use.

33.2.3  Vitreous Tamponades

Heavy liquids are often used intraoperatively to unfold and 
stabilize the retina during surgery for retinal detachments. 
In pediatric retinal detachments where extensive prolifera-
tive vitreoretinopathy (PVR) may be present with intrinsic 
retinal thickening, F-decalin® (C10F18) is the author’s pre-
ferred choice as it is the highest density heavy liquid 
(1.93 g/cm3) and can stabilize the retina well. Another use-
ful tool is visco- elastics. These may be used intraopera-
tively for retinal manipulation, to tease apart contracted 
retina and improve visualization for subsequent removal of 
PVR membranes.

a b c d

e f g

Fig. 33.8 (a) An endoscopy and laser unit used at the Hospital for Sick 
Children, Toronto, housing a Xenon light source, diode laser, video 
camera, and display screen, with the endoscope probe attached. (b) 
Endoscopic view of the ciliary body, pars plana, and ora serrata, (c) 
Wide angle view of a trans pars plana port and anterior retina, (d) 
Endoscopic view of the posterior pole, (e) Endoscopic cyclophotoco-

agulation with laser beam aiming at a ciliary process with the adjacent 
ciliary process appearing white post ablation, (f) Intraocular diathermy 
of vessels of anterior contracted retina with pre-equatorial band of 
PVR, (g) Relaxing retinectomy (Reproduced with permission from Gan 
et al. [77])
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In complex pediatric PVR-detachments, some advo-
cate the use of heavy liquid perfluoro-n-octane as a short-
term postoperative tamponade [93, 94]. In their series, 
Imaizumi et  al. [94] described a staged surgery where 
perfluoro-n- octane (C8F18) was injected at primary sur-
gery and removed after 1–4 postoperative weeks. During 
repeat surgery, gas tamponade was used depending on the 
surgeon’s decision. The authors advocate this method as 
it allows patients to posture supine after surgery, and 
compared to silicone oil, reduces the pooling of inflam-
matory components over the inferior retina and the risk 
of postoperative inferior PVR.  The lower rate of rede-
tachment has also been attributed to extended apposition 
of the retina to the RPE, allowing more effective chorio-
retinal adhesion by retinopexy [95, 96]. However, the 
authors feel that this approach should be used bearing in 
mind that there is often increased inflammation in pediat-
ric eyes.

33.2.4  Postoperative Care

In pediatric patients, postoperative care is an integral part of 
the treatment journey. Not only is compliance to the postur-
ing and medication regimen important, visual rehabilitation 
also plays a large role in increasing functional success. In 
patients who have predisposing conditions that have caused 
deprivational amblyopia, the visual potential may be guarded. 
Postoperatively, all refractive errors must be corrected and 
amblyopia treated aggressively so that maximal visual poten-
tial may be achieved. In children with baseline good vision 
and who undergo vitrectomy with long-acting gas tampon-
ade or silicone oil, deprivational amblyopia may set in while 
the gas or silicone oil is in the eye. Children may be refracted 
to give the best correct visual acuity with silicone oil. Once 
the gas resolves or silicone oil is removed, any amblyopia 
present should be treated together with pediatric 
ophthalmologists.

In children with poor visual prognosis despite undergoing 
all treatment and surgery, ophthalmologists should be aware 
of the community resources that are available for the parents 
to ease their child’s integration into society. Useful resources 
include parent support groups, schools for children with spe-
cial needs, national societies for the visually handicapped for 
access to visual aids, and learning of life-skills, for example, 
reading and writing braille.

For children with one good eye, parents must be taught 
the importance of avoiding contact sports, and to use poly-
carbonate lenses and sports goggles to avoid accidental 
trauma to the good eye.

33.3  Conclusion

The management of pediatric retinal detachments is often 
complicated, and sound surgical techniques combined with 
experience are keys to increased success. Compared to 
adults, surgical treatment usually entails a longer period of 
postoperative visual rehabilitation and requires close man-
agement with pediatric ophthalmologists in the treatment of 
associated amblyopia. Finally, managing the expectations of 
anxious parents and pediatric patients can be difficult, but is 
essential to ensure continued follow-up to enhance surgical 
outcomes.
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