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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.
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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
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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

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

Year Success rate of therapeutic
Study name published | intervention®
CRYO-ROP® 1990 [6] 78.2% with favorable
outcome at 3 months
Argon laser for Stage | 1991 [7] 93.8% (n=15of 16) at 3
3+ ROP* months
Diode laser for Stage 1992 [8] 89.3% (n =25 of 28) at 3
3+ ROP! months
ETROP® 2004 [9] 85.7% with favorable
outcome at 9 months
BEAT-ROP! 2011 [10] | 74.0% (n =54 of 73) at 54
weeks
RAINBOW? 2008 [11] | 66.2% (n =45 of 68) at 24
weeks

“The therapeutic intervention being studied is laser photocoagulation in
all studies except CRYO-ROP, which evaluates cryotherapy vs. obser-
vation in infants with threshold ROP

®The CRYO-ROP study evaluated initial anatomic success of cryother-
apy vs. observation at incremental periods of follow-up

“This study evaluated the efficacy of argon laser vs. cryotherapy

9This study evaluated the efficacy of diode laser vs. cryotherapy
*Primary 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

The 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)

£The 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

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-ROP?2 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%
t0 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
IT 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 Y4
to ¥2 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 1¥2 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
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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.

Conflicts of Interest SMS: None.

DMM: 1-800 Contacts (Board of Directors, equity), Alcon (Data
Monitoring Committee), Apellis (grant support), Bayer (Grant sup-
port), dSentz (Founder, Board of Directors, equity), Iconic Therapeutics
(Steering Committee), Grand Legend Technology (equity), Irenix (sci-
entific advisory board), Novartis (CME consultant), Pr3vent (Founder,

Board of Directors, equity), Promisight (Founder, Board of Directors,
equity), Pykus (Scientific advisory board, equity), Regeneron (CME
consultant), Versl (Founder, equity), Vindico (CME consultant),
Visunex Medical Systems Co. Ltd. (Founder, equity, consultant).

References

1. Ludwig CA, Chen TA, Hernandez-Boussard T, Moshfeghi
AA, Moshfeghi DM. The epidemiology of retinopa-
thy of prematurity in the United States. Ophthalmic Surg
Lasers Imaging Retina. 2017;48(7):553-62.  https://doi.
org/10.3928/23258160-20170630-06.

2. Karna P, Muttineni J, Angell L, Karmaus W. Retinopathy of pre-
maturity and risk factors: a prospective cohort study. BMC Pediatr.
2005;5(1):18. https://doi.org/10.1186/1471-2431-5-18.

3. York JR, Landers S, Kirby RS, Arbogast PG, Penn JS. Arterial
oxygen fluctuation and retinopathy of prematurity in very-low-
birth-weight infants. J Perinatol. 2004;24(2):82-7. https://doi.
org/10.1038/sj.jp.7211040.

4. Houston SK, Wykoff CC, Berrocal AM, Hess DJ, Murray
TG. Laser treatment for retinopathy of prematurity. Lasers
Med  Sci.  2013;28(2):683-92.  https://doi.org/10.1007/
s10103-011-1021-z.

5. Cryotherapy for Retinopathy of Prematurity Cooperative Group.
Multicenter trial of cryotherapy for retinopathy of prematu-
rity. Preliminary results. Arch Ophthalmol (Chicago, Il1 1960).
1988;106(4):471-9.

6. Cryotherapy for Retinopathy of Prematurity Cooperative Group.
Multicenter trial of cryotherapy for retinopathy of prematurity.
One-year outcome-structure and function. Arch Ophthalmol
(Chicago, I11 1960). 1990;108(10):1408-16.

7. McNamara JA, Tasman W, Brown GC, Federman JL. Laser
photocoagulation for stage 3+ retinopathy of prematurity.
Ophthalmology.  1991;98(5):576-80.  https://doi.org/10.1016/
S0161-6420(91)32247-4.

8. McNamara JA, Tasman W, Vander JF, Brown GC. Diode laser pho-
tocoagulation for retinopathy of prematurity. Preliminary results.
Arch Ophthalmol (Chicago, I11 1960). 1992;110(12):1714-6.

9. Good WYV, Early Treatment for Retinopathy of Prematurity
Cooperative Group on behalf of the ET for R of PC. Final results
of the early treatment for retinopathy of prematurity (ETROP)
randomized trial. Trans Am Ophthalmol Soc. 2004;102:233-48.
Discussion 248-50

10. Mintz-Hittner HA, Kennedy KA, Chuang AZ, BEAT-ROP
Cooperative Group. Efficacy of intravitreal bevacizumab for stage
3+ retinopathy of prematurity. N Engl J Med. 2011;364(7):603-15.
https://doi.org/10.1056/NEJMoal007374.

11. Clinicaltrials.gov. RAINBOW Study: ranibizumab compared with
laser therapy for the treatment of infants born prematurely with reti-
nopathy of prematurity — Study results — ClinicalTrials.gov.

12. Cryotherapy for Retinopathy of Prematurity Cooperative Group.
Multicenter trial of cryotherapy for retinopathy of prematurity: oph-
thalmological outcomes at 10 years. Arch Ophthalmol (Chicago, Il
1960). 2001;119(8):1110-8.

13. Palmer EA, Hardy RJ, Dobson V, et al. 15-year outcomes fol-
lowing threshold retinopathy of prematurity. Arch Ophthalmol.
2005;123(3):311. https://doi.org/10.1001/archopht.123.3.311.

14. Hunter DG, Repka MX. Diode laser photocoagulation for
threshold retinopathy of prematurity: a randomized study.
Ophthalmology.  1993;100(2):238—44.  https://doi.org/10.1016/
S0161-6420(93)31664-7.

15. White JE, Repka MX. Randomized comparison of diode laser
photocoagulation versus cryotherapy for threshold retinopathy of
prematurity: 3-year outcome. J Pediatr Ophthalmol Strabismus


https://doi.org/10.3928/23258160-20170630-06
https://doi.org/10.3928/23258160-20170630-06
https://doi.org/10.1186/1471-2431-5-18
https://doi.org/10.1038/sj.jp.7211040
https://doi.org/10.1038/sj.jp.7211040
https://doi.org/10.1007/s10103-011-1021-z
https://doi.org/10.1007/s10103-011-1021-z
https://doi.org/10.1016/S0161-6420(91)32247-4
https://doi.org/10.1016/S0161-6420(91)32247-4
https://doi.org/10.1056/NEJMoa1007374
http://clinicaltrials.gov
https://doi.org/10.1001/archopht.123.3.311
https://doi.org/10.1016/S0161-6420(93)31664-7
https://doi.org/10.1016/S0161-6420(93)31664-7

Laser Treatment for Retinopathy of Prematurity

89

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

217.

28.

29.

34(2):83-87.;  quiz  121-2.  http://www.ncbi.nlm.nih.gov/
pubmed/9083952. Accessed 29 Oct 2018.

Shalev B, Farr AK, Repka MX. Randomized comparison of diode
laser photocoagulation versus cryotherapy for threshold reti-
nopathy of prematurity: seven-year outcome. Am J Ophthalmol.
2001;132(1):76-80.

NgEY, Connolly BP, McNamara JA, Regillo CD, Vander JF, Tasman
W. A comparison of laser photocoagulation with cryotherapy for
threshold retinopathy of prematurity at 10 years: part 1. Visual func-
tion and structural outcome. Ophthalmology. 2002;109(5):928-34.
https://doi.org/10.1016/S0161-6420(01)01017-X.

Connolly BP, Ng EYJ, McNamara JA, Regillo CD, Vander JF,
Tasman W. A comparison of laser photocoagulation with cryo-
therapy for threshold retinopathy of prematurity at 10 years: part 2.
Refractive outcome. Ophthalmology. 2002;109(5):936-41.

Clark D, Mandal K. Treatment of retinopathy of prematurity.
Early Hum Dev. 2008;84(2):95-9. https://doi.org/10.1016/J.
EARLHUMDEV.2007.11.007.

Benner JD, Morse LS, Hay A, Landers MB. A comparison of
argon and diode photocoagulation combined with supplemental
oxygen for the treatment of retinopathy of prematurity. Retina.
1993;13(3):222-9.

Jalali S, Azad R, Trehan HS, Dogra MR, Gopal L, Narendran
V. Technical aspects of laser treatment for acute retinopathy
of prematurity under topical anesthesia. Indian J Ophthalmol.
2010;58(6):509-15. https://doi.org/10.4103/0301-4738.71689.
Kang KB, Orlin A, Lee TC, Chiang MF, Chan RVP. The use of digi-
tal imaging in the identification of skip areas after laser treatment
for retinopathy of prematurity and its implications for education
and patient care HHS public access. Retina. 2013;33(10):2162-9.
https://doi.org/10.1097/IAE.0b013e31828e6969.

. Banach MJ, Ferrone PJ, Trese MT. A comparison of dense ver-

sus less dense diode laser photocoagulation patterns for threshold
retinopathy of prematurity. Ophthalmology. 2000;107(2):324-7.
https://doi.org/10.1016/S0161-6420(99)00042-1.

Axer-Siegel R, Snir M, Cotlear D, et al. Diode laser treat-
ment of posterior retinopathy of prematurity. Br J Ophthalmol.
2000;84(12):1383-6. https://doi.org/10.1136/BJO.84.12.1383.
Rezai KA, Eliott D, Ferrone PJ, Kim RW. Near confluent laser pho-
tocoagulation for the treatment of threshold retinopathy of prema-
turity. Arch Ophthalmol. 2005;123(5):621. https://doi.org/10.1001/
archopht.123.5.621.

Coats DK. Retinopathy of prematurity: involution, factors predis-
posing to retinal detachment, and expected utility of preemptive
surgical reintervention. Trans Am Ophthalmol Soc 2005;103:281—
312. http://www.ncbi.nlm.nih.gov/pubmed/17057808. Accessed 9
Nov 2018.

Hartnett ME, McColm JR. Retinal features predictive of progres-
sive stage 4 retinopathy of prematurity. Retina 2004;24(2):237—
241. http://www.ncbi.nlm.nih.gov/pubmed/15097884. Accessed 19
Nov 2018.

Mintz-Hittner HA. Intravitreal pegaptanib as adjunctive treatment
for stage 3+ ROP shown to be effective in a prospective, ran-
domized, controlled multicenter clinical trial. Eur J Ophthalmol.
2012;22(5):685-6. https://doi.org/10.5301/€j0.5000176.

Chen S-N, Lian I, Hwang Y-C, et al. Intravitreal anti-
vascular Endotherlial growth factor treatment for retinopa-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

thy of prematurity: comparison between ranibizumab and
bevacizumab. Retina. 2015;35(4):667-74. https://doi.org/10.1097/
TAE.0000000000000380.

Autrata R, Krejcifova I, Senkovd K, Holousovd M, Dolezel Z,
Borek I. Intravitreal pegaptanib combined with diode laser therapy
for stage 3+ retinopathy of prematurity in zone I and posterior zone
II. Eur J Ophthalmol. 2012;22(5):687-94. https://doi.org/10.5301/
€j0.5000166.

Wu W-C, Yeh P-T, Chen S-N, Yang C-M, Lai C-C, Kuo
H-K. Effects and complications of bevacizumab use in patients
with retinopathy of prematurity: a multicenter study in Taiwan.
Ophthalmology. 2011;118(1):176-83. https://doi.org/10.1016/j.
ophtha.2010.04.018.

Moshfeghi DM, Berrocal AM. Retinopathy of prematurity in the
time of bevacizumab: incorporating the BEAT-ROP results into
clinical practice. Ophthalmology. 2011;118(7):1227-8. https://doi.
org/10.1016/J.OPHTHA.2011.04.028.

Moshfeghi DM. Systemic solutions in retinopathy of prematurity.
Am J Ophthalmol. 2018;193:xiv—xviii. https://doi.org/10.1016/j.
2jo.2018.05.013.

Lepore D, Quinn GE, Molle F, et al. Intravitreal bevacizumab
versus laser treatment in type 1 retinopathy of prematurity.
Ophthalmology. 2014;121(11):2212-9. https://doi.org/10.1016/j.
ophtha.2014.05.015.

Chen TA, Schachar IH, Moshfeghi DM. Outcomes of intra-
vitreal bevacizumab and diode laser photocoagulation for
treatment-warranted retinopathy of prematurity. Ophthalmic
Surg Lasers Imaging Retina. 2018;49(2):126-31. https://doi.
org/10.3928/23258160-20180129-07.

Lepore D, Quinn GE, Molle F, et al. Follow-up to age 4 years of
treatment of type 1 retinopathy of prematurity intravitreal bevaci-
zumab injection versus laser: fluorescein angiographic findings.
Ophthalmology. 2018;125(2):218-26. https://doi.org/10.1016/j.
ophtha.2017.08.005.

Garcia Gonzalez JM, Snyder L, Blair M, Rohr A, Shapiro
M, Greenwald M. Prophylactic peripheral laser and fluores-
cein angiography after bevacizumab for retinopathy of pre-
maturity. Retina. 2018;38(4):764-72. https://doi.org/10.1097/
TAE.0000000000001581.

Hu J, Blair MP, Shapiro MJ, Lichtenstein SJ, Galasso JM, Kapur
R. Reactivation of retinopathy of prematurity after bevacizumab
injection. Arch Ophthalmol. 2012;130(8):1000. https://doi.
org/10.1001/archophthalmol.2012.592.

Snyder LL, Garcia-Gonzalez JM, Shapiro MJ, Blair MP. Very
late reactivation of retinopathy of prematurity after mono-
therapy with intravitreal bevacizumab. Ophthalmic Surg
Lasers  Imaging Retina.  2016;47(3):280-3.  https://doi.
0rg/10.3928/23258160-20160229-12.

Hajrasouliha AR, Garcia-Gonzales JM, Shapiro MJ, Yoon
H, Blair MP. Reactivation of retinopathy of prematurity
three years after treatment with bevacizumab. Ophthalmic
Surg Lasers Imaging Retina. 2017;48(3):255-9. https://doi.
0rg/10.3928/23258160-20170301-10.

Golas L, Shapiro MJ, Blair MP. Late ROP reactiva-
tion and retinal detachment in a teenager. Ophthalmic Surg
Lasers  Imaging Retina.  2018;49(8):625-8.  https://doi.
org/10.3928/23258160-20180803-11.


http://www.ncbi.nlm.nih.gov/pubmed/9083952
http://www.ncbi.nlm.nih.gov/pubmed/9083952
https://doi.org/10.1016/S0161-6420(01)01017-X
https://doi.org/10.1016/J.EARLHUMDEV.2007.11.007
https://doi.org/10.1016/J.EARLHUMDEV.2007.11.007
https://doi.org/10.4103/0301-4738.71689
https://doi.org/10.1097/IAE.0b013e31828e6969
https://doi.org/10.1016/S0161-6420(99)00042-1
https://doi.org/10.1136/BJO.84.12.1383
https://doi.org/10.1001/archopht.123.5.621
https://doi.org/10.1001/archopht.123.5.621
http://www.ncbi.nlm.nih.gov/pubmed/17057808
http://www.ncbi.nlm.nih.gov/pubmed/15097884
https://doi.org/10.5301/ejo.5000176
https://doi.org/10.1097/IAE.0000000000000380
https://doi.org/10.1097/IAE.0000000000000380
https://doi.org/10.5301/ejo.5000166
https://doi.org/10.5301/ejo.5000166
https://doi.org/10.1016/j.ophtha.2010.04.018
https://doi.org/10.1016/j.ophtha.2010.04.018
https://doi.org/10.1016/J.OPHTHA.2011.04.028
https://doi.org/10.1016/J.OPHTHA.2011.04.028
https://doi.org/10.1016/j.ajo.2018.05.013
https://doi.org/10.1016/j.ajo.2018.05.013
https://doi.org/10.1016/j.ophtha.2014.05.015
https://doi.org/10.1016/j.ophtha.2014.05.015
https://doi.org/10.3928/23258160-20180129-07
https://doi.org/10.3928/23258160-20180129-07
https://doi.org/10.1016/j.ophtha.2017.08.005
https://doi.org/10.1016/j.ophtha.2017.08.005
https://doi.org/10.1097/IAE.0000000000001581
https://doi.org/10.1097/IAE.0000000000001581
https://doi.org/10.1001/archophthalmol.2012.592
https://doi.org/10.1001/archophthalmol.2012.592
https://doi.org/10.3928/23258160-20160229-12
https://doi.org/10.3928/23258160-20160229-12
https://doi.org/10.3928/23258160-20170301-10
https://doi.org/10.3928/23258160-20170301-10
https://doi.org/10.3928/23258160-20180803-11
https://doi.org/10.3928/23258160-20180803-11

	11: Laser Treatment for Retinopathy of Prematurity
	11.1	 Cryotherapy
	11.2	 Laser Photocoagulation
	11.3	 Ongoing Treatments
	11.4	 Conclusions
	References




