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Purpose: To investigate the effects and complications of the anti-vascular endothelial growth factor agent
bevacizumab in the treatment of retinopathy of prematurity (ROP) in Taiwanese patients.

Design: A multicenter, retrospective case series study.
Participants: Twenty-seven patients (49 eyes) from 4 medical centers across Taiwan.
Methods: This study included patients receiving intravitreal injections of bevacizumab (IVB) (0.625 mg) for

the treatment of ROP between 2007 and 2009 at 4 major medical centers in Taiwan. The effects and compli-
cations associated with this treatment were analyzed. Patients were followed for at least 6 months after
bevacizumab injection.

Main Outcome Measures: Regression of ROP and the complications associated with the injection of
bevacizumab.

Results: Forty-nine eyes of 27 patients (18 male and 9 female) were included in the study. Mean gestational
age and birth weight were 26.0�2.4 weeks and 971.6�589.6 g, respectively. There were 41 eyes (23 patients)
with stage 3 ROP, 6 eyes (3 patients) with stage 4A ROP, and 2 eyes (1 patient) with stage 5 ROP. All of the eyes
received only a single injection of IVB. The mean injection time was 36.8�2.6 weeks postmenstrual age for eyes
with stage 3 ROP. A total of 37 of 41 eyes (90%) with stage 3 ROP regressed after bevacizumab injection only.
Four eyes (10%) required additional laser treatment to regress the ROP. Of 6 eyes (3 patients) with stage 4A ROP,
2 eyes (1 patient; 33%) regressed after bevacizumab injection and 4 eyes (67%) regressed after bevacizumab
injection and subsequent vitrectomy. The 2 eyes with stage 5 ROP exhibited decreased vascular tortuosity after
bevacizumab injection, but the retina failed to reattach after vitrectomy surgeries. Major complications included
vitreous or pre-retinal hemorrhage in 4 eyes (8%) and transient vascular sheathing in 2 eyes (4%).

Conclusions: Bevacizumab injection seems effective and well tolerated in some cases of ROP, especially in
stage 3 ROP. Ocular complications could result from the injection of bevacizumab in pediatric eyes.
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Retinopathy of prematurity (ROP) is one of the leading
causes of childhood blindness. In later stages of ROP,
neovascularization arises because of retinal immaturity.
Neovascularization leads to retinal traction, retinal detach-
ment, hemorrhage, and a funnel configuration of the retina,
eventually affecting vision. Neovascularization is mainly
driven by vascular endothelial growth factor (VEGF).1 The
current recommended treatment for type 1 ROP is periph-
eral ablation. Although cryotherapy has been used in the
past, laser therapy is now the preferred method of treatment.
In addition, the timing of treatment has been moved to an
earlier stage of the disease, as documented by the Early
Treatment for Retinopathy of Prematurity study (ETROP).2

Although laser or cryotherapy effectively halts the progres-
sion of stage 3 to 4 ROP in 90% of patients, these treatments
actually destroy approximately two thirds of the retina.
Some patients progress to retinal detachment despite laser
or cryotherapy. The functional outcomes are still not satis-
fying in stage 4B or 5 ROP, even after vitrectomy or

scleral buckling.3–5 A new treatment that could decrease
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the need for laser treatment or vitreoretinal surgery or
improve the success rate of vitreoretinal surgery would
be worth pursuing.

Bevacizumab (Avastin, Genentech Inc., South San Fran-
cisco, CA) is a humanized anti-VEGF monoclonal anti-
body.6 It is the first antiangiogenic agent for the treatment of
metastatic colorectal cancer. Bevacizumab has 2 binding
sites and binds directly to VEGF. It has also been shown to
inhibit more than 1 of the 9 VEGF isoforms. The drug has
shown promising results in treating many retinopathies
with VEGF up-regulation, including age-related macular
degeneration,7,8 diabetic retinopathy,9 –11 vitreous hemor-
rhage,12,13 neovascular glaucoma,14 and retinal vascular oc-
clusion.15–17 Vascular endothelial growth factor levels in
vitreous fluid have been shown to be highly elevated in
patients with ROP.18,19 These results show the potential
benefit of bevacizumab for the treatment of ROP.

So far, there have been only a few case reports or small
case series of bevacizumab use in ROP.20–29 The informa-

tion about the effects and complications associated with this
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treatment remains scarce. We share our experience of using
bevacizumab to treat ROP by collecting data from 4 major
medical centers in Taiwan.

Patients and Methods

This is a multicenter, retrospective study of bevacizumab use in
patients with ROP. The data were collected from medical centers
in 4 cities across Taiwan. These centers included National Taiwan
University Hospital in Taipei, Changhua Christian Hospital in
Changhua, Chang Gung Memorial Hospital in Kaohsiung, and
Chang Gung Memorial Hospital in Taoyuan. The study was ap-
proved by the institutional review board for each hospital. Each
patient’s parent or legal guardian signed a consent form before the
administration of the intravitreal injection of bevacizumab (IVB).
The data were collected from January 2006 to December 2008.
Medical records for patients with ROP who were treated with IVB
were collected from each center and pooled together for data
analysis. For stage 3 ROP, the indications for treatment were
patients whose retinopathy met the criteria of type 1 ROP used in
the ETROP study.2 For stage 4 or 5 ROP, the injection of bevaci-
zumab was mainly used to reduce the chance of bleeding during
the subsequent vitrectomy surgery. Patients were treated when a
plus or pre-plus sign was present. Patients with a follow-up lasting
less than 6 months were excluded.

Table 1. Demographics of Patients Receiving Bevacizumab
Treatment for Stage 3 Retinopathy of Prematurity

Eyes (patients) 41 (23)
Male/female 16/7
Mean gestational age (wks) 25.7�2.3
Mean birth weight (g) 845.0�221.4
Zone 1/zone 2 9/32
Mean injection time (postmenstrual age, wks) 36.8�2.6
No. of eyes with previous laser treatment 5
No. of eyes receiving laser treatment after

bevacizumab injection
4

No. of eyes (%) with regression of ROP after
bevacizumab treatment alone

37 (90)

Complications: pre-retinal and vitreous hemorrhage 4
Mean follow-up time (mos) 8.4�3.4

ROP � retinopathy of prematurity.

Table 2. Patients with Stage 4 or 5 Retino

Cases/Eyes/
Gender/Eye GA (wks) BW (g) Zone Stage Laser

Age
Injection

1/1/F/OD 29 1435 1 4A y 39
1/2/F/OS 29 1435 1 4A y 39
2/3/M/OD 29 3880 2 4A y 40

2/4/M/OS 29 3880 2 4A y 40

3/5/M/OD 24 690 2 4A y 33
3/6/M/OS 24 690 2 4A y 33
4/7/F/OD 28 1148 1 5 y 35
4/8/F/OS 28 1148 1 5 y 35
BW � birth weight; F � female; FU � follow-up; GA � gestational age; M �
The treatment technique is described as follows. The pupil was
dilated with 1.25% phenylephrine (Phenylephrine, Wu Fu Labo-
ratories Co Ltd., Yilan, Taiwan) and 1% tropicamide (Mydriacyl,
sa Alcon-Couvreur nv, Puurs, Belgium) before intravitreal injec-
tion. The anesthesia involved the intravenous injection of midazo-
lam (Dormicum, Cenexi SAS, Fontenay-sous-Bois, France) or
fentanyl (Fentanyl-Fresenius, Bodene Limited, Port Elizabeth,
South Africa) to sedate the infant before the intravitreal injection.
Vital signs were monitored throughout the entire procedure. If the
respiratory function of the infant was unstable, endotracheal intu-
bation was performed to secure the airway. After the infant was
sedated and the eyes were prepared in a standard fashion using 5%
povidone/iodine and the topical antibiotic levofloxacin (Cravit,
Santen Pharmaceutical Co., Osaka, Japan), 0.625 mg (0.025 ml) of
bevacizumab was injected intravitreally via the pars plica. A nurse
helped hold the infant during the injection. After the injection,
intraocular pressure and retinal artery perfusion were checked, and
patients received topical levofloxacin for 3 days. The patients were
followed up after 1 day and 3 days, and then every week to
document the progression of the disease.

If the patients did not respond positively to this treatment in 2
to 3 weeks, conventional laser treatment of ROP was performed.
No second injection of bevacizumab was given to patients. Posi-
tive responses included the disappearance of tunica vasculosa
lentis, dilation of the pupils, disappearance or decrease in retinal
vessel tortuosity and neovascularization, and vascularization to-
ward the peripheral retina. After treatment, patients were followed
every 1 to 2 weeks until full vascularization of the retina was
observed. Examinations were performed under anesthesia if
needed. Some cases were photographed by the RetCam Imaging
System (Clarity Medical System, Pleasanton, CA) before and after
the injection of bevacizumab.

Results

During the study period, 40 patients received a single bevaci-
zumab injection. Thirteen patients were excluded from the
study because of a follow-up time of less than 6 months. In the
end, 49 eyes of 27 patients (18 male and 9 female) were
included in the study. Six patients were from National Taiwan
University Hospital in Taipei, 5 patients were from Changhua
Christian Hospital in Changhua, 10 patients were from Chang
Gung Memorial Hospital in Kaohsiung, and 6 patients were
from Chang Gung Memorial Hospital in Taoyuan. Mean ges-
tational age and birth weight were 26.0�2.4 weeks and
971.6�589.6 g, respectively. In total, there were 41 eyes (23

of Prematurity Treated with Bevacizumab

s)
Age at

Vitrectomy (wks)
Final Retinal
Reattachment Complications FU (mos)

— y — 6
— y — 6

41, 45 y Transient vessel
sheathing

9

41 y Transient vessel
sheathing

9

34 y 6
34 y 6
36 n 12

36, 39 n 12
pathy

at
(wk
male; OD � right eye; OS � left eye.
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patients) with stage 3 ROP (Table 1), 6 eyes (3 patients) with stage 4A
ROP, and 2 eyes (1 patient) with stage 5 ROP (Table 2).

Of the 41 eyes with stage 3 ROP, 9 eyes (22%) were zone 1
ROP, and 32 eyes (78%) were zone 2 ROP. All of the eyes with
stage 3 ROP received treatment when they met the criteria of type
1 ROP as defined by the ETROP study.2 In eyes with stage 3 ROP,
36 eyes (88%) received bevacizumab as the primary treatment for
ROP, and 5 eyes (12%) received bevacizumab as the salvage
treatment after no response from previous laser treatment. The
mean injection time was 36.8�2.6 weeks postmenstrual age for
eyes with stage 3 ROP. Five eyes from 3 patients had tunica
vasculosa lentis with poor pupil dilation. One to three days after
injection, tunica vasculosa lentis diminished and pupil dilation was
noted in all of the eyes (Fig 1A, B). All of the eyes had decreased
vessel tortuosity after bevacizumab injection. In 36 eyes that
received bevacizumab as the primary treatment for ROP, 32 (89%)
showed ROP regression. Four eyes (11%) required additional laser
treatment to regress the ROP because of the lack of a positive
response 2 to 3 weeks after bevacizumab treatment. In 5 eyes (3
patients) that received bevacizumab as the salvage treatment after
laser treatment, all 5 (100%) later displayed ROP regression. After

Figure 1. Regression of tunica vasculosa lentis in the left eye of a patient
with stage 3 ROP after injection of bevacizumab. A, Before injection of
bevacizumab, the pupil was fixed and the prominent vessels were seen
along the papillary margin (arrows). B, Two days after bevacizumab
injection, the pupil was fully dilated and tunica vasculosa lentis had

disappeared. ROP � retinopathy of prematurity.
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a mean follow-up of 8.4�3.4 months, 37 eyes (90%) with stage 3
ROP had regressed with full vascularization after bevacizumab
injection alone and 4 eyes (10%) had regressed after bevacizumab
injection and subsequent laser treatment. Bevacizumab injection
could work as either the primary treatment (Fig 2A, B) or salvage
treatment after previously failed laser treatment (Fig 2C, D).

In eyes with stage 4 or 5 ROP, the injection was performed
within the week before vitrectomy. The mean injection time was
36.8�3.1 weeks postmenstrual age. After the injection, the plus
sign was alleviated in all eyes (Fig 3A, B). However, fibrotic
traction on the retina increased in 2 eyes (Fig 4A–C). Two eyes
(33%) with stage 4A ROP regressed after bevacizumab injection
without the need for subsequent vitrectomy. Four eyes (67%)
regressed after bevacizumab injection and subsequent vitrectomy.
We did not encounter hemorrhage in the vitreous or the prolifer-
ative fibrovascular membranes during vitreous shaving in those
patients. Two eyes with stage 5 ROP displayed decreased vascular
tortuosity after bevacizumab injection, but the retina failed to
reattach after multiple vitrectomy surgeries. Mean follow-up in
this group of patients was 8.3�2.7 months.

Major ocular complications associated with bevacizumab in-
jection included vitreous or pre-retinal hemorrhage in 4 eyes (8%)
(Fig 5A, B), as well as transient vascular sheathing in the inferior
venous branch in 2 eyes (4%) (Fig 6A, B). Vitreous or pre-retinal
hemorrhage later resolved in all eyes. The eyes with sheathed
vessels had reperfused at the subsequent follow-up after vitrec-
tomy surgery for stage 4A ROP. No noticeable systemic compli-
cations related to the injection of bevacizumab were observed
during follow-up.

Discussion

This study found that IVB (0.625 mg), used either as a
primary treatment or salvage treatment after laser treatment,
caused neovascularization to regress and resulted in full
retinal vascularization in the majority of patients with stage
3 ROP. In advanced ROP with retinal detachment, the
treatment benefits of bevacizumab are less evident than in
stage 3 ROP. The plus sign decreased after injection, and no
active bleeding was noted during vitrectomy surgery. How-
ever, fibrotic traction on the retina increased in some eyes
after the injection. Ocular complications did occur, but no
apparent systemic adverse effects related to the injection
were found up to the date of the last follow-up. Because
VEGF is highly elevated in advanced ROP and has been
found to play a central role as the driving force for neovas-
cularization,18,19,30 blocking VEGF with anti-VEGF agents
seems to be a reasonable approach. These results are en-
couraging because they suggest the potential of a new
treatment for ROP.

Bevacizumab seems to work best in stage 3 ROP, in-
cluding zone 1 ROP. None of the eyes progressed to stage
4 ROP after a single injection of bevacizumab. However,
some patients also received laser treatment if positive symp-
toms or neovascularization persisted or worsened over the
course of 2 to 3 weeks. Bevacizumab injection neutralizes
the VEGF already present in the vitreous cavity, but it does
not inhibit continued production of VEGF in the avascular
area. Laser treatment in the avascular retina further de-
creased VEGF production by destroying VEGF expression
in the avascular retina. In addition, VEGF is not the only

growth factor up-regulated in the eye. Insulin-like growth
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factor-1 and other growth factors may also play some role in
the pathogenesis of ROP.18,19,30–33 Inhibition of VEGF by
bevacizumab may not be able to induce regression in all
ROP cases. However, the majority of eyes responded well
to this treatment alone, and only 10% of ROP eyes required
additional laser treatment. Because the effects of bevaci-
zumab injection in ROP eyes remain to be fully elucidated,
standard laser treatment could serve as a backup in those
cases that are nonresponsive.

The original purpose of bevacizumab use in stage 4 or 5
ROP was to reduce the plus sign to help reduce hemorrhage
during the subsequent vitrectomy. Stage 4A ROP regressed
after bevacizumab injection without the need for subsequent
vitrectomy in 2 eyes (33%). Neovascularization and retinal
detachment regressed after bevacizumab injection and sub-
sequent vitrectomy in 4 eyes (66%). Quiroz-Mercado et al23

also reported 1 case of resolution of stage 4A ROP after
bevacizumab injection. However, caution is necessary when
bevacizumab is used in ROP with retinal detachment. While
angiogenesis is inhibited, the fibrotic component of ROP
may accelerate and retinal detachment might worsen.34,35

Thus, we suggest that vitrectomy surgery should be per-

Figure 2. Full vascularization and the regression of stage 3 ROP in pat
treatment (C, D). A, Before injection of bevacizumab, neovascularization
injection of bevacizumab, the retinal vessel continued to grow and the RO
was still persistent (arrows) 3 weeks after laser treatment. D, After bevac
retinopathy of prematurity.
formed within 1 week of bevacizumab injection, which is
similar to the use of bevacizumab in proliferative diabetic
retinopathy with retinal detachment in adult patients.36,37

Two eyes (1 case) with stage 4A ROP in our study
developed transient retinal vessel sheathing after intravitreal
injection. Whether the vessel sheathing was due to increased
intraocular pressure after intravitreal injection or to the
anti-VEGF agent remains unknown. Because the fundus
was checked immediately after intravitreal injection in ev-
ery patient, it is more likely that transient retinal vessel
sheathing was due to delayed effects of the injected agent
rather than the immediate increase in intraocular pressure. A
previous study suggested that VEGF is the primary growth
factor for endothelial cells;1,38,39 thus, blocking VEGF by
administering anti-VEGF agents in the immature retina
might result in vessel collapse or nonperfusion. In addition,
inflammation or a tractional force induced by accelerated
fibrosis may place traction on retinal vasculature in a way
that might impede vascular flow. Notably, retinal vessel
sheathing in this case disappeared after vitrectomy. Various
factors could contribute to the restoration of retinal vessel
configuration. No long-acting gas was used after the sur-
gery, and a lower target intraocular pressure was set for

who received bevacizumab as the primary treatment (A, B) or salvage
seen at the border of the vascular and avascular retina (arrows). B, After
essed. C, In the left eye of a patient with stage 3 ROP, neovascularization
b injection, the ROP regressed with full retinal vascularization. ROP �
ients
was

P regr
izuma
pediatric retinal surgery. In addition, vitrectomy could re-

179



retinopathy of prematurity.

Ophthalmology Volume 118, Number 1, January 2011
move the majority of bevacizumab in the vitreous cavity if
it contributed to retinal vessel sheathing.

Some patients experienced pre-retinal or vitreous hem-
orrhage after the injection of bevacizumab. Advanced ROP
has been found to be associated with both of these condi-
tions. On the other hand, IVB itself could also lead to these
complications, as reported previously.40 Bevacizumab could
lead to the resolution of new vessels. These forces exerted
on the neovascularization could lead to bleeding. However,
the hemorrhage observed did not cause significant damage
to the eye and was typically reabsorbed a few weeks later.

Mintz-Hittner and Kuffel24 showed that a single injection
of bevacizumab prevented the progression to retinal detach-

Figure 3. Plus sign decreased in the right eye of a patient with stage 4 A
ROP after injection of bevacizumab. A, Before injection of bevacizumab,
prominent retinal vessel tortuosity and some pre-retinal hemorrhage were
seen. B, After injection of bevacizumab, the retinal vessels were less
congestive and torturous. Pre-retinal hemorrhage had decreased after
injection of bevacizumab. ROP � retinopathy of prematurity.
ment in all eyes with posterior zone 1 ROP, without the
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Figure 4. Plus sign decreased but fibrotic traction increased in the right
eye of a patient with stage 4 A ROP after injection of bevacizumab. A,
Before injection of bevacizumab, prominent retinal vessel tortuosity and
focal retinal detachment were seen. B, After injection of bevacizumab, the
retinal vessels were less congestive and torturous, but the fibrotic traction
seemed to increase (arrows) and some disc dragging was noted. C, After
vitrectomy, the retina was fully attached with some laser scarring. ROP �
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need for laser ablation. These results are encouraging be-
cause approximately 27% to 47% of posterior zone 1 cases
progress to retinal detachment, even after peripheral retinal
ablation.41–43 In our case series, 9 eyes (22%) were classi-
fied as zone 1 ROP. None of these eyes progressed to retinal
detachment after bevacizumab treatment; therefore, bevaci-
zumab treatment seems to be better than laser treatment for
zone 1 ROP. However, this study is only a small case series
report, and no definite conclusions can be drawn. The other
potential benefits of anti-VEGF therapy in comparison with
ablative treatment include the ease of the procedure, the
reduced operating time, and no need for equipment related
to laser or cryotherapy. Bevacizumab is also less destructive
to the retina. Furthermore, tunica vasculosa lentis regression
and pupil dilation facilitate further follow-up or subsequent
treatments. Finally, the technique eliminates complications
associated with ablative treatments, such as refractive errors
or visual field loss.44–46 However, long-term study is needed

Figure 5. Pre-retinal hemorrhage after injection of bevacizumab in the
right eye of a patient with stage 3 ROP. A, Before injection of bevaci-
zumab, the retinal vessel was torturous but no preretinal hemorrhage was
noted. B, After injection of bevacizumab, the retinal vessel tortuosity
decreased but some retinal hemorrhage was present (arrow). ROP �
retinopathy of prematurity.
to substantiate this result.
Study Limitations

The limitations of this study include its retrospective nature
and the lack of a concomitant control group. Also, fundus
photographs were not available in all study centers. Finally,
laser treatment was allowed if a response was not observed
in 2 to 3 weeks. Nonetheless, to our knowledge, this study
is the largest case series of bevacizumab use in the treatment
of ROP ever reported. Data were collected from multiple
centers all over the country, and all of the patients were
followed up for at least 6 months. However, many questions
remain to be answered regarding the optimal dosing of
bevacizumab for ROP, optimal injection time, value of
combination treatment, and long-term safety and efficacy

Figure 6. Transient retinal vessel sheathing after injection of bevaci-
zumab in a patient with stage 4 A ROP. A, Three days after injection
of bevacizumab, inferior retinal vein sheathing (arrows) was noted
during the vitrectomy surgery. B, After the vitrectomy, the retinal
vessel sheathing disappeared with the regression of ROP. ROP �

retinopathy of prematurity.
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of bevacizumab use in the eyes of children. Further ran-
domized, prospective studies with a concurrent control
group are urgently needed to provide evidence-based an-
swers to these questions.

In conclusion, 90% of stage 3 eyes regressed after a
single bevacizumab injection, either primarily or after fail-
ing laser treatment, whereas the remaining 10% regressed
when laser ablation was performed secondarily. Vasculosa
lentis and plus sign responded quickly to treatment with
bevacizumab. For stage 4 ROP, bevacizumab use before
vitrectomy decreased vessel activity and the incidence of
retinal hemorrhage during surgery. Bevacizumab could
even lead to the resolution of stage 4A ROP in some cases,
making vitrectomy unnecessary. Although our initial expe-
rience using bevacizumab to treat ROP seems promising,
some ocular complications do occur after the use of bev-
acizumab. Longer follow-up of these patients is necessary to
determine the long-term ocular and systemic safety of this
anti-VEGF agent when used in the rapidly developing pe-
diatric eye.
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