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Purpose. To present cases with retinopathy of prematurity (ROP), who were treated with intravitreal injection of ranibizumab
(IVR) and had unpredictable asymmetric outcomes. Methods. A retrospective review was performed in infants with type 1 ROP
and had bilateral IVR (0.25mg/0.025mL) as initial treatment. Patients were classified into the asymmetric outcome group and
the symmetric outcome group. Results. Eighty-four patients (168 eyes) were included. There were 18 eyes of 9 patients (10.7%)
in the asymmetric outcome group and 150 eyes of 75 patients (89.3%) in the symmetric outcome group. In the symmetric
outcome group, 86 eyes (57.3%) had ROP regression, 60 eyes (40%) had reactivation requiring laser treatment, and 4 eyes
(2.7%) progressed to retinal detachment requiring vitrectomy. In the asymmetric outcome group, one of the eyes of the 9
patients had ROP regression with/without reactivation after IVR, while the contralateral eyes had negative response, including
remarkable posterior fibrosis, partial or total retinal detachment, and vitreous hemorrhage. There was statistically significant
difference between the birth weight of the two groups. Conclusion. Contralateral eyes with ROP can take a different clinical
course after ranibizumab treatment. High rate of reactivation after IVR is another concern that ophthalmologists should pay
attention to.

1. Introduction

Retinopathy of prematurity (ROP) is a retinal vasoprolifera-
tive disorder. It continues tobe a significant causeof childhood
blindness. Laser photocoagulation is the current standard
treatment for ROP [1]. Although cryotherapy and laser treat-
ment can cure ROP disease in most cases, they may cause
complications such as peripheral visual field defect and
myopic shift. Since the role of vascular endothelial growth
factor (VEGF) in the pathophysiology of ROP has been well
studied, the use of anti-VEGF agents is emerging as a treat-
ment for ROP [2–4]. The only prospective, controlled,
randomized, multicenter trial about anti-VEGF treatment
for ROP—Bevacizumab Eliminates the Angiogenic Threat
of Retinopathy of Prematurity (BEAT-ROP) study—showed
that bevacizumab was effective in treating ROP and was more
effective than laser treatment in zone 1 ROP cases [5]. On the

other hand, reports about reactivation and retinal detachment
after injection were not rare [6–8]. What is more, many
questions remain unanswered, including the optimal dose
and timing of injection, systemic safety, and long-term
complications.

In this report, we describe nine cases of type 1 ROP that
had asymmetric outcomes after intravitreal injection of rani-
bizumab (IVR, Lucentis®) treatment.

2. Materials and Methods

This was a retrospective study which was conducted in the
referral ROP screening center in Xin Hua Hospital, affiliated
to Shanghai Jiao Tong University School of Medicine. The
medical records of patients who were diagnosed with type 1
ROP and had bilateral IVR as initial treatment from January
2012 to December 2014 were reviewed. Patients were
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classified into asymmetric outcome group (different addi-
tional treatments or asymmetric anatomic outcomes in two
eyes) and symmetric outcome group. Patients with a
follow-up of less than six months were excluded. Each
patient’s parents or legal guardians were required to sign a
consent form before any examination or treatment. This
study was approved by the Ethics Committee of Xin Hua
Hospital.

Infantswere screened if theywerebornat gestational ageof
less than 32 weeks or/and their birth weight was less than
2000 g or if they had an unstable clinical course as determined
by the infant’s neonatologist [9]. Patients’ age, gender, family,
and birth history, as well as systemic and other ocular anom-
alies, were noted. Patients were screened by binocular indirect
ophthalmoscopy and RetCam (Clarity Medical Systems,
Pleasanton, California, USA) fundus photography. Ultra-
sound examination was given to patients whose fundus was
invisible due to corneal opacity or leucocoria. IVR was pro-
vided to patients with type 1 ROP. Infants treated with IVR
were examined aday after the procedure andweekly thereafter
until full vascularization of the retina was observed. If they did
not respond positively to the treatment, conventional laser
treatment and/or surgery was performed. No second injection
of IVR was given to patients. IVR (0.25mg/0.025mL), laser
treatment, lensectomy, and vitrectomy were performed by
the same surgeon (PQZ). Systemic conditions of infants were
checked every month after injection by neonatologists.

We performed statistical analysis with the program IBM
SPSS 22 (SPSS Inc., Chicago, IL). Continuous variables were
summarized as mean and standard deviation (SD) because
data were normally distributed. An independent t-test was
used to compare continuous data between the group with
asymmetric outcome and the group with symmetric out-
come. P value <0.05 was considered statistically significant.

3. Results

During the study period, 168 eyes of 84 infantswere diagnosed
with type1ROPand receivedbilateral IVRas initial treatment.
Among them, 18 eyes of 9 patients (10.7%) had asymmetric
outcomes in contralateral eyes after IVR (Table 1). The
remaining 150 eyes of 75 patients (89.3%) had symmetric out-
comes. In the symmetric outcome group, 32 eyes (21.3%)
hadaggressiveposterior retinopathyofprematurity (APROP),
30 eyes (20%)were classified as zone I stage 3+, 16 eyes (10.7%)
were classified as zone II stage 3+, 20 eyes (13.3%) were classi-
fied as zone I stage 2+, and 52 eyes (34.7%) were classified as
zone II stage 2+. In the asymmetric outcome group, the gesta-
tional age ranged from27 to32weeks,withameanof 29.6± 1.8
weeks; the birthweight ranged from980 to1690 g,with amean
of 1222.2± 216.6 g; and the IVR injection time ranged from 34
to 42 weeks postmenstrual age (PMA), with a mean of
37.0± 2.4 weeks (Table 2). There was a statistically significant
difference between the BW of the asymmetric outcome group
and symmetric outcome group. There were no statistically
significant differences between the mean GA, PMA, and
postnatal age (PNA) at IVR.

In the symmetric outcome group, 86 eyes (57.3%) had
ROP regression after IVR, 60 eyes (40%) had reactivation

requiring additional laser treatment, and 4 eyes (2.7%) of 2
patients which progressed to retinal detachment required
lens-sparing vitrectomy. All eyes had flat retinas at the last
visit. The time between reactivation and the initial IVR was
16~108 days, with an average of 56.8± 17.1 days. The mean
PMA at reactivation was 43.4± 3.4 weeks.

In the asymmetric outcome group, one of the eyes of the
9 patients had ROP regression with later reactivation in 8 of
them after IVR requiring secondary laser treatment, while
the contralateral eyes had negative responses requiring addi-
tional surgical treatment, including remarkable posterior
fibrosis, partial or total retinal detachment, and vitreous
hemorrhage (VH) (Table 1). Retinas were attached in 16 eyes
(88.9%) at the last visit. The follow-up period of all eyes
ranged from 8 to 30 months, with a mean of 14.4± 8.9
months. No noticeable systemic complications related to
IVR were observed.

3.1. Infant 2. Infant 2 was born at 29 weeks of gestation with a
birth weight of 1.2 kg. At 37 weeks PMA, both eyes were diag-
nosed as stage 3+ ROP in zone I with mild preretinal hemor-
rhages. The infant received bilateral IVR at 37+4 weeks PMA.
The right eye regressed first and recurrence occurred in zone
II, which was diagnosed as stage 2 ROP without plus at 43
weeks PMA and required laser treatment. Unpredictably,
the left eye was diagnosed as stage 5 ROP with marked pos-
terior fibrosis and VH at 39 weeks PMA (10 days post-
IVR). The disease rapidly progressed to the shallow anterior
chamber and finally received a lensectomy and vitrectomy
at 57 weeks PMA. The retina was not reattached (Figure 1).

3.2. Infant 7. Infant 7 was born at 31 weeks of gestation with a
birth weight of 1.38 kg. The infant was transferred to our
clinic at 41+6 weeks PMA with stage 3+ ROP in zone I and
received IVR in both eyes at 42 weeks PMA. Regression of
ROP was first noted in both eyes, and then severe vitrial
and preretinal hemorrhages were noted at 43+2 weeks PMA
(nine days post-IVR) in the right eye. Hemorrhages contin-
ued to progress after laser treatment; and at 47 weeks PMA
(38 days post-IVR), hemorrhages covered the macula and
the eye, which eventually required LSV treatment. In the left
eye, we observed persistent zone II avascularity that required
laser treatment (Figure 2).

4. Discussion

We described nine cases of ROP that had asymmetric out-
comes after bilateral IVR as initial treatment. Similar ROP
cases having asymmetric outcomes after intravitreal injection
of bevacizumab (IVB) have been reported [8, 10]. However,
no such cases have been reported after IVR.

It is difficult to explain why although ranibizumab was
administered for both eyes on the same time, but asymmetric
outcomes were observed in some patients. The only factor
that influenced the outcome in our series was BW. The mean
BW of the asymmetric outcome group (1222.2± 216.6 g)
was smaller than that of the symmetric outcome group
(1412.2± 335.6 g, P = 0 001). We hypothesize that subtle
differences in the levels of moieties in the vitreous
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hemorrhage, such as VEGF, erythropoietin, and insulin-
like growth factor-1, [11], may have caused contralateral
eyes to follow an asynchronous disease course. Thus, the
injection time and dose suitable for one eye was not suitable

for the other eye. In infant 2, for instance, RetCam fundus pho-
tography revealed that both eyes had zone I, stage 3+ ROP
beforeIVRtreatmentwiththesamedegreeofridgedmembrane
formation and preretinal hemorrhage; however, at 10 days

(a) (b)

(c) (d)

(e) (f)

Figure 1: Before treatment, both eyes were diagnosed as stage 3+ ROP in zone I ((a) and (b)). Ten days after IVR, the right eye revealed
regression (c), but the left eye revealed stage 5 ROP with marked posterior fibrosis and vitreous hemorrhages (VH) (d). The right eye
received laser treatment at 43 weeks PMA, and the retina was flat at the last follow-up (e). The left eye received a lensectomy and
vitrectomy at 57weeks PMA, and the retina was not reattached at the last follow-up (f).

Table 2: Characteristics compared with infants between asymmetric and symmetric outcome.

Asymmetric outcome group Symmetric outcome group P value (independent t-test)

Number of patients (eyes) 9 (18) 75 (150)

Gestational age at birth (weeks) 29.6± 1.8 29.4± 2.1 0.556

Birth weight (g) 1222.2± 216.6 1412.2± 335.6 0.001

PNA at IVR (days) 52.1± 13.2 45.5± 13.8 0.946

PMA at IVR (weeks) 37.0± 2.4 35.9± 2.3 0.707

PMA: postmenstrual age; PNA: postnatal age; IVR: intravitreal injection of ranibizumab.

5Journal of Ophthalmology



(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 2: Before treatment, both eyes were diagnosed as stage 3+ ROP in zone I ((a) and (b)). Nine days post-IVR, regression of ROP and plus
disease was noted in both eyes, but there were vitreous and preretinal hemorrhages only in the right eye ((c) and (d)). Thirty-eight days post-
IVR, hemorrhages in the right eye continued to progress even after laser treatment (e) and covered the macula; and the eye eventually required
LSV treatment. One month after LSV treatment, the retina of the right eye was flat with peripheral laser spots, and there was no sign of
hemorrhages. The left eye received laser treatment due to persistent zone II avascularity at 43weeks PMA (f), which was resolved by the
last follow-up (h).

6 Journal of Ophthalmology



post-IVR, the left eye revealed a marked extraretinal fibrovas-
cular proliferation (EFP) and VH, while the retina of the right
eyewas flat with regressed plus disease.

The reactivation rate of ROP after IVR was relatively
high. The reported rate of reactivation after IVB was
0~4.3% [5, 12]. Compared with ranibizumab, bevacizumab
has a longer half-life [13, 14], it reduces serum VEGF levels
more significantly, and systemic VEGF suppression lasts
longer [15, 16]. Although this may make ranibizumab a
better option for premature patients, it may also translate into
a higher chance of reactivation [6]. The reported rate of
recurrence with conventional laser therapy was about 26%
[5, 17]. Unlike laser treatment destroying the retina, retinal
vessels continue to develop after IVR. This can theoretically
decrease the supplementary laser spots needed after reactiva-
tion and the subsequent destruction of peripheral visual
fields, which might offer potential vision benefits [17].
Moreover, the interval from treatment to reactivation of
anti-VEGF treatment was longer than that of laser therapy
[5]. Approximately ninety percent of infants demonstrated
reactivation after IVB within a 10-week window from
approximately 45 to 55 weeks of adjusted age [18]. The mean
reactivation PMA after IVR in this study was 43.4± 3.4
weeks, which was earlier than IVB. Thus, the follow-up
examinations after anti-VEGF treatment should last longer
than laser treatment [18].

The timing of the administration of anti-VEGF therapy
is of utmost importance [19]. The mean injection time in
the asymmetric outcome group was later than the treat-
ment of zone I ROP in the BEAT-ROP study (34± 1 weeks
PMA) [5]. All of our patients received IVR within phase II
of ROP [5, 20], and they all had plus disease before the
initial treatment. It is possible that an older PMA is a risk
factor for complications after IVR treatment.

Anti-VEGF agents might exacerbate preexisting fibrosis
and retinal detachment due to traction [21]. In patients with
proliferative diabetic retinopathy, a decline in VEGF levels
with active neovascularization due to anti-VEGF treatment
may inhibit angiogenesis and promote fibrosis driven by
connective tissue growth factor [22]. In patients with ROP,
there are several reports of vitreoretinal traction band
formation and retinal detachment following anti-VEGF
therapy [7, 8, 21, 23]. In our cases, the deteriorated eyes of
infants 1, 3, 4, 5, and 8 that eventually progressed to stage
4 or 5 all had EFP and vitreous or/and preretinal hemor-
rhages before IVR. EFP combined with vitreous or preretinal
hemorrhages may be an indication of poor prognosis of anti-
VEGF treatment for ROP.

Vitreous or preretinal hemorrhages are other major ocu-
lar complications associated with IVR. Vitreous or preretinal
hemorrhages were observed in 8% of the eyes after IVB, and
all were absorbed after a few weeks [24]. Infant 6 in our
series had preretinal hemorrhages in her left eye 63 days
post-IVR due to the recurrence of ROP. Preretinal hemor-
rhages were eventually resolved. Infant 7 had preretinal
hemorrhages in his right eye nine days post-IVR, and
hemorrhages aggravated and expanded covering the macula.
Thus, both recurrences of ROP and IVR itself can cause vitre-
ous or preretinal hemorrhages. Any vitreal-retinal tractive

force or vascular contractive force exerted on neovasculariza-
tion could lead to bleeding.

The limitations of this study include its retrospective
nature, the small-size cohort, and the varied follow-up time
in a number of patients. We still have questions to be
answered, regarding the optimal dosing, timing, indications,
and prognostic factors of IVR treatment. Further studies
are urgently needed to provide evidence-based answers to
these questions.

In conclusion, our study demonstrated that contralateral
eyes with ROP can take a significantly different clinical
course after IVR, which is very rare in patients treated with
laser [5, 25]. The high rate of reactivation is another concern
that ophthalmologists should pay attention to. The use of
anti-VEGF agents causes the outcome of treatment of ROP
to be unpredictable with no consensus on the safety, indica-
tions, suitable timing, and doses. Weekly or even tighter
follow-up schedule is required to detect vitreoretinal traction
band formation and retinal detachment in time.

Disclosure

Qiujing Huang and Qi Zhang are the co-first authors. The
sponsors and funding organization had no role in the design
or conduct of this research. An earlier version of this work
was presented as a poster at the 7th Chinese Congress of
Research in Vision and Ophthalmology (2015).

Conflicts of Interest

No conflicting relationship exists for any author.

Acknowledgments

This research was supported by the following: (1) National
Natural Science Foundation of China, Beijing, China
(81271045 and 81470642 to Peiquan Zhao, 81400408 to Yu
Xu, and 81500725 to Fei Ping); (2) Shanghai Science and
Technology Commission, Shanghai, China (15XD1502800
to Peiquan Zhao).

References

[1] Early Treatment For Retinopathy Of Prematurity Cooperative
Group, “Revised indications for the treatment of retinopathy
of prematurity: results of the early treatment for retinopathy
of prematurity randomized trial,” Archives of Ophthalmology,
vol. 121, no. 12, pp. 1684–1694, 2003.

[2] T. Alon, I. Hemo, A. Itin, J. Pe'er, J. Stone, and E. Keshet,
“Vascular endothelial growth factor acts as a survival factor
for newly formed retinal vessels and has implications for reti-
nopathy of prematurity,” Nature Medicine, vol. 1, no. 10,
pp. 1024–1028, 1995.

[3] M. E. Hartnett and J. S. Penn, “Mechanisms and management
of retinopathy of prematurity,” The New England Journal of
Medicine, vol. 367, no. 26, pp. 2515–2526, 2012.

[4] A. Mataftsi, S. Dimitrakos, and G. Adams, “Mediators
involved in retinopathy of prematurity and emerging thera-
peutic targets,” Early Human Development, vol. 87, no. 10,
pp. 683–690, 2011.

7Journal of Ophthalmology



[5] H. A.Mintz-Hittner, K. A. Kennedy, A. Z. Chuang, and BEAT-
ROP Cooperative Group, “Efficacy of intravitreal bevacizumab
for stage 3+ retinopathy of prematurity,” The New England
Journal of Medicine, vol. 364, no. 7, pp. 603–615, 2011.

[6] R. K. Wong, S. Hubschman, and I. Tsui, “Reactivation of reti-
nopathy of prematurity after ranibizumab treatment,” Retina,
vol. 35, no. 4, pp. 675–680, 2015.

[7] B. J. Lee, J. H. Kim, H. Heo, and Y. S. Yu, “Delayed onset atyp-
ical vitreoretinal traction band formation after an intravitreal
injection of bevacizumab in stage 3 retinopathy of prematu-
rity,” Eye, vol. 26, no. 7, pp. 903–910, 2012.

[8] S. Y. Jang, K. S. Choi, and S. J. Lee, “Delayed-onset retinal
detachment after an intravitreal injection of ranibizumab for
zone 1 plus retinopathy of prematurity,” Journal of AAPOS,
vol. 14, no. 5, pp. 457–459, 2010.

[9] Ocular Fundus Disease Group of Chinese Ophthalmology,
“The Chinese screening guide of retinopathy of prematurity
(2015),” Chinese Journal of Ophthalmology, vol. 50, pp. 933–
935, 2014.

[10] M. P. Blair, “Reactivation of retinopathy of prematurity after
bevacizumab injection,” Archives of Ophthalmology, vol. 130,
no. 8, p. 1000, 2012.

[11] A. Stahl, A. Hellstrom, and L. E. H. Smith, “Insulin-like growth
factor-1 and anti-vascular endothelial growth factor in reti-
nopathy of prematurity: has the time come,” Neonatology,
vol. 106, no. 3, pp. 254–260, 2014.

[12] W. C. Wu, H. K. Kuo, P. T. Yeh, C. M. Yang, C. C. Lai, and S.
N. Chen, “An updated study of the use of bevacizumab in the
treatment of patients with prethreshold retinopathy of prema-
turity in Taiwan,” American Journal of Ophthalmology,
vol. 155, no. 1, pp. 150–158, 2013.

[13] T. U. Krohne, Z. Liu, F. G. Holz, and C. H. Meyer, “Intraocular
pharmacokinetics of ranibizumab following a single intravitreal
injection in humans,” American Journal of Ophthalmology,
vol. 154, no. 4, pp. 682–686.e2, 2012.

[14] S. J. Bakri, M. R. Snyder, J. M. Reid, J. S. Pulido, M. K. Ezzat,
and R. J. Singh, “Pharmacokinetics of intravitreal ranibizu-
mab (Lucentis),” Ophthalmology, vol. 114, no. 12, pp. 2179–
2182, 2007.

[15] A. L. Hård and A. Hellström, “On safety, pharmacokinetics
and dosage of bevacizumab in ROP treatment - a review,” Acta
Paediatrica, vol. 100, no. 12, pp. 1523–1527, 2011.

[16] M. Tolentino, “Systemic and ocular safety of intravitreal anti-
VEGF therapies for ocular neovascular disease,” Survey of
Ophthalmology, vol. 56, no. 2, pp. 95–113, 2011.

[17] G. Zhang, M. Yang, J. Zeng et al., “Comparison of intravitreal
injection of ranibizumab versus laser therapy for zone II
treatment-requiring retinopathy of prematurity,” Retina
Published Online First: 12 August 2016.

[18] H. A. Mintz-Hittner, M. M. Geloneck, and A. Z. Chuang,
“Clinical management of recurrent retinopathy of prematurity
after intravitreal bevacizumab monotherapy,” Ophthalmology,
vol. 123, no. 9, pp. 1845–1855, 2016.

[19] H. A. Mintz-Hittner, “Avastin as monotherapy for retinopathy
of prematurity,” Journal of AAPOS, vol. 14, no. 1, pp. 2–3, 2010.

[20] B.A.Darlow,A.L.Ells,C.E.Gilbert,G.A.Gole, andG.E.Quinn,
“Are we there yet? Bevacizumab therapy for retinopathy of
prematurity,” Archives of Disease in Childhood. Fetal and
Neonatal Edition, vol. 98, no. 2, pp. F170–F174, 2013.

[21] S. Honda, H. Hirabayashi, Y. Tsukahara, and A. Negi, “Acute
contraction of the proliferative membrane after an

intravitreal injection of bevacizumab for advanced retinopa-
thy of prematurity,” Graefe's Archive for Clinical and Exper-
imental Ophthalmology, vol. 246, no. 7, pp. 1061–1063,
2008.

[22] I. Klaassen, R. J. van Geest, E. J. Kuiper, C. J. van Noorden, and
R. O. Schlingemann, “The role of CTGF in diabetic retinopa-
thy,” Experimental Eye Research, vol. 133, pp. 37–48, 2015.

[23] L. C. Zepeda-Romero, J. A. Liera-Garcia, J. A. Gutiérrez-
Padilla, C. I. Valtierra-Santiago, and C. D. Avila-Gómez,
“Paradoxical vascular-fibrotic reaction after intravitreal beva-
cizumab for retinopathy of prematurity,” Eye (London,
England), vol. 24, no. 5, pp. 931–933, 2010.

[24] W. C. Wu, P. T. Yeh, S. N. Chen, C. M. Yang, C. C. Lai,
and H. K. Kuo, “Effects and complications of bevacizumab
use in patients with retinopathy of prematurity: a multicen-
ter study in Taiwan,” Ophthalmology, vol. 118, no. 1,
pp. 176–183, 2011.

[25] E. A. Palmer, “Results of U.S. randomized clinical trial of cryo-
therapy for ROP (CRYO-ROP),”DocumentaOphthalmologica,
vol. 74, no. 3, pp. 245–251, 1990.

8 Journal of Ophthalmology



Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


