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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
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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.



49

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.

6  Aggressive Posterior Retinopathy of Prematurity (APROP)
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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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