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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
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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
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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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