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Abstract

prematurity.

Purpose: Reporting a special clinical finding after intravitreal bevacizumab monotherapy for retinopathy of

Methods: In a retrospective case series, the clinical courses of five premature infants with similar vitreous changes
after a single dose of intravitreal bevacizumab (IVB) injection without additional laser therapy were reported.

Results: The mean post-conceptional age at IVB injection was 39.8 2.2 (range 37-43) weeks. Localized vitreous
syneresis and linear fibrotic vitreous condensation occurred 8.2 2.3 weeks after IVB monotherapy in our patients
(15.5% of injections). The mean last post injection visit was 61.6 4= 5.3 weeks (post-conceptional age). Further regres-
sion and complete retinal vascularization occurred in all patients.

Conclusions: Thread-like vitreous condensation with localized vitreous liquefaction may be related to involutional
ROP disease itself, combined to anti VEGF therapy and may be a predictor factor for further regression and retinal vas-
cularization. The case series describes a successful response to anti-VEGF monotherapy with no further complications.
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Introduction
Retinopathy of prematurity (ROP) is a disorder of neona-
tal retinal vascularization. At present, ablation of periph-
eral avascular retina is the standard treatment method
for type-I ROP [1]. There are several disadvantages to
retinal laser photocoagulation including posterior syne-
chiae, macular ectopia, and scarring of the peripheral ret-
ina and choroid, as well as the need for general anesthesia
although some of these complications may be the natural
course of the disease [2]. This is why a safe, effective and
easy-to-apply treatment is still highly sought.

Elevated intraocular concentration of VEGF is consist-
ently documented in ROP patients [3-5]. Thus, beva-
cizumab has been applied in ROP cases, with recent
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reports on both its efficacy and complications [3]. There
is no consensus in the literature on the safety, efficacy,
and appropriate indication of bevacizumab injection
in patients with ROP. Although a retardation of normal
vascularization is noted, IVB monotherapy has been con-
sidered by some to be a relatively safe and effective treat-
ment modality for stage 3 ROP, including zone I cases [6].
Development of peripheral retinal vessels continues after
administering intravitreal bevacizumab, whereas conven-
tional laser therapy leads to permanent destruction of the
peripheral retina.

In this paper, we reported the clinical courses, fundus
photographs and specifications of nine eyes of five pre-
mature infants with a similar vitreous change (a linear
fibrillar vitreous condensation resembling partial vitreous
detachment) at the original fibrovascular ridge, devel-
oped after a single dose of intravitreal bevacizumab (IVB)
for treating stage 3 with or without plus disease. To the
best of our knowledge, this is the first report describing
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a special clinical finding after intravitreal bevacizumab
monotherapy for retinopathy of prematurity.

Methods

All of the patients who were referred to the ROP clinic
(a tertiary referral specific clinic designed for ROP treat-
ment and F/U in the east of our country), Khatam-Al-
Anbia Ophthalmology Hospital, Mashhad, Iran, between
May 2012 and June 2014 and received IVB for ROP were
reviewed retrospectively and the patients with a medical
record of linear fibrillar vitreous condensation, partial
vitreous detachment at the site of original fibrovascular
ridge or any other vitreous change after IVB injection
were collected. Exclusion criteria were: patients with
incomplete recordings or laser treatment after injection.
All patients were examined by an experienced retina spe-
cialist. In each exam session, indirect ophthalmoscopy
with scleral depression and fundus photography with
RetCam III (Clarity Medical Systems Inc., Pleasanton,
CA, USA) were performed. The patients with type 1 ROP
in stage 3 were identified as eligible for IVB injection. In
our referral center, IVB is the first line for ROP patients
eligible for treatment and laser treatment is used for the
cases not responsive to IVB or when recurrence occurs
after one or two IVB injections. All of the reported
cases in this series were treated with IVB monotherapy
as the first line and no further treatment including laser
was necessary. Following thorough and comprehensive
explanations regarding the risks imposed by intravit-
real injection as well as the off-label nature of the treat-
ment, parents signed informed written consent forms,
and the patients subsequently received a single dose of
IVB (0.625 mg/0.025 ml, 1.75 mm from the limbus) in the
operating room with topical anesthesia. They were then
followed: the day after the operation for the first time and

Table 1 Clinical characteristics of the studied patient
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every 5-7 days thereafter. Partial vitreous detachment
was confirmed by RetCam III and fundus examination.
B-Scan ultrasonography (NIDEK Echoscan US-4000,
Gamagori, Japan) was performed in one patient in order
to document the presence of partial vitreous detachment.
We did not evaluate vitreous changes in non-treated or
laser-treated patients. We also din not compare these
changes between treated and non-treated patients. This
study was approved and qualified by ethics committee of
Khatam-al-Anbia Eye Research Center and institutional
review board of Mashhad University of Medical Sciences.

Results

A total of 1124 patients (2248 eyes) with ROP referred to
our clinic between May 2012 and June 2014 for further
examination. Fifty-eight injections (2.58% of eyes) were
submitted to intravitreal bevacizumab injection dur-
ing this period. Nine eyes of five patients had the similar
feature of vitreous changes after IVB injection (15.5% of
injections). Clinical features and the patient characteris-
tics are summarized in a Table 1. The mean postconcep-
tional age at IVB injection was 39.8 £2.2 (range 37-43)
weeks. Nine eyes developed similar vitreous changes
including thread-like vitreous condensation with local-
ized vitreous liquefaction or linear vitreous condensation.
This process started after the regression of neovascu-
larization at the site of temporal ridge. Presentation of
the initial vitreous change was 8.24+2.3 (range from 4
to 12 weeks) after IVB injection and the mean last post
injection visit was 61.6+5.3 weeks (post-conceptional
age). Full peripheral retinal vascularization developed in
all injected eyes. The original retinal ridge disappeared
completely in all patients. Three weeks after IVB, small
localized tractional retinal detachment (TRD) developed
in one patient at the ridge site that resolved 4.5 weeks

Case no. 1 2 3 4 5 Mean=+SD
ob Oos oDp' os oD OS OD OS OD®> OS

Postconceptional age at birth (weeks) 24 24 31 31 31 31 32 32 29 29 294432

Birth weight (grams) 1040 1040 1480 1480 1300 1300 1700 1700 1100 1100 13240+£2725

Zone of ROP 2 2 1 1 2 2 2 2 2 2 -

Stage of ROP 3 3 3 3 3 3 3 3 3 3 -

Plus disease No Yes Yes Yes No Yes Yes No Yes VYes

Vitreous changes Yes Yes Yes Yes Yes Yes No Yes Yes Yes -

Post-conceptional age at IVB injection (weeks) 37 37 40 40 40 40 38 39 43 43 398422

Time of starting regression after IVB injection (weeks) 4 4 2 2 4 4 2 2 3 3 3011

Presentation of the initial 6 105 75 9 12 - 8 9 4 82423

Vitreous changes (weeks After injection) last follow up (weeks) 69 69 65 65 59 59 59 59 56 56 61.6+53

T Three weneks after IVB, localized TRD developed at ridge site that resolved 4.5 weeks afterward

2 Seven weeks after IVB, a localized preretinal hemorrhage was observed at the posterior border of the temporal ridge which resolved in 2 weeks
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later. Seven weeks after IVB, a localized preretinal hem-
orrhage was observed at the posterior border of the tem-
poral ridge which resolved in 2 weeks in another patient.
The vitreous changes were bilateral in all five patients
except case No 4. No further complication was observed
until the last followed up. Complete retinal vasculariza-
tion and complete regression of the ridge occurred in all
patients. Fundus photograph of the patient No. 1 and 5
and B scan ultrasonographic picture of the patient No. 1
are presented in Figs. 1, 2 and 3, respectively.

Discussion

This study presents the similar vitreous change at the
temporal retinal ridge of ROP following IVB injection
in nine eyes of five patients. All eyes in our study had
extensive liquefaction with linear vitreous condensation
overlying the ridge; changes such as these are quite rare
in eyes that are not treated with IVB. Our described vit-
reous changes are similar to those demonstrated by Foos

Fig. 1 Fundus photography of case 1: Before treatment, fibrovascular
ridge at temporal retina in posterior zone Il (a). Seven months after
the treatment, vitreous detachment and floating vitreous ridge with
regressed retinal ridge and ingress of normal vasculature down to
peripheral retina (b)
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Fig. 2 Fundus photography of case 5: Before treatment, stage 3 in
zone Il (a). At the last follow up, thread-like vitreous condensation
with regressed retinal ridge and complete vascularization (b)

Depth:Norm(V=1560m/s)
Scale:Log (50dB
T6C : 0.0[dB
Gain : 90.0[dB

Fig. 3 B-Scan ultrasonography of case 1. White arrow indicates the
partial vitreous linear condensation
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that happen in the chronic phase of stage 3 in the vitre-
ous overlying the ridge [7]. Foos described some changes
in the vitreous overlying the ridge including degradation,
condensation, and liquefaction of the vitreous collagen.
This can result in the vitreous overlying the ridge becom-
ing opalescent with linear condensation. They could not
explain the importance of these changes in regressing or
progressing the ROP. We suppose that a similar process
can be induced by IVB injection in some ROP patients.

The vitreoretinal interface (VRI) is a complex composite
structure connecting the vitreous cortex to the inner ret-
ina. As the vitreous ages, there is gel liquefaction and the
development of fluid-filled pockets, typically beginning in
the central vitreous cavity. This leads to posterior vitreous
detachment with time [8]. Anti-VEGF agents have some
effects on vitreous and vitreoretinal interface properties.
Intravitreal anti-VEGF treatment causes increased fibro-
sis by increasing the level of connective tissue growth fac-
tor (CTGF) [9]. The shift in the balance between levels of
CTGF and VEGEF in the eye is associated with this angi-
ofibrotic switch. CTGF activates TGF-P signals by direct
binding in the extracellular space and TGF-p stimulates
the differentiation of fibroblasts (or protomyofibroblasts)
into myofibroblasts that are characterized by expres-
sion of a-smooth muscle actin. Perhaps, this mechanism
is involved in the complex process of TGF-B-mediated
matrix contraction [10]. Acute deterioration of tractional
retinal detachment (TRD) following intravitreal injec-
tion of bevacizumab has been reported in some patients
[11]. Honda et al. also reported progression of TRD after
IVB injection in one ROP infant [12]. This may explain
our described fibrotic linear changes in vitreous of IVB-
treated patients. On the other hand, it has been reported
that about 5% of adult patients may develop PVD within
1 month after a single IVB injection [13]. Detachment
usually occurs after multiple injections, beginning at the
posterior pole. In our series, a linear vitreous fibrotic con-
densation resembling an incomplete and localized vitre-
ous syneresis or partial vitreous detachment occurred in
nine eyes. This process started after the regression of neo-
vascularization at the site of temporal ridge.

Rouvas et al. reported spontaneous vitreous detach-
ment and resolution of vitreomacular traction following
ranimizumab injection [14]. The authors suggested that
the pathophysiological mechanism is based on a dual
combined effect: a mechanical effect, whereby an intra-
vitreal injection causes vitreous liquefaction, and an
increase of vitreous volume, and a functional effect aris-
ing from the anti-VEGF-induced retinal thickness reduc-
tion. In our patients, the same mechanism of volume
effect and a functional effect arising from the anti-VEGE-
induced shrinkage of regressed vessels and ROP ridge
can be postulated.
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Hikichi et al. demonstrated that eyes with cicatri-
cial ROP that had undergone cryopexy and/or pho-
tocoagulation had vitreous changes such as marked
vitreous liquefaction, vitreous membranes traversing the
liquefied vitreous cavity, and the low incidence of PVD
despite advanced liquefaction [15]. The clinical changes
described in our patients are similar to these findings in
the vitreous liquefaction and fibrous proliferation in vit-
reous cavity.

We did not observe any important complication in our
series. In our series, a temporary small localized TRD
occurred in one eye 3 weeks after the injection, which
resolved in 1.5 weeks. In another eye, temporary prereti-
nal hemorrhage was seen, indicating the probable pres-
ence of focal tractions in the process of separation of the
vitreous from retina. Lee et al. reported a series of three
patients with the delayed onset of atypical fibrous trac-
tion membrane arising along the major vascular arcades,
with a latency period of 2.5—4 months after IVB injection
[16]. The traction finally progressed to tractional retinal
detachment (TRD) in three out of the five eyes. In Lee’s
series, two patients had a history of concurrent laser
therapy. The third patient received two IVB injections.
In our series, no case received laser treatment, and IVB
injection was not repeated. This may be the reason of low
complications in our series.

The mean post-conceptional age for intravitreal beva-
cizumab injection (IVB injection) described in our series
was later compared to data found in the literature which
is around 37 weeks post conceptional age [17]. Fortes
et al. concluded that inborn patients were treated for
retinopathy of prematurity during the week 37 of post-
conceptional age while transferred patients were treated,
usually, after week 39 [18]. In our series, 6 eyes (out of 9)
were treated in due date (PMA 40 weeks) or later. Our
center is a referral in the east of our country and this may
explain the later post-conceptional age of the treatment
in our series. On the other hand, this may also affect the
vitreous condensation found in this case series.

To the best of our knowledge, this is the first report
of vitreous changes following IVB injection in ROP
patients. Close follow-up is strongly recommended after
this intervention for stage 3+ RODP, even if the disease
seems to be regressing. According to our described clini-
cal features, it is of paramount significance to follow up
patients for possible development of retinal detachment
or breaks after IVB for ROP. On the other hand, once vit-
reous changes and full retinal vascularization occur after
IVB injection, they may potentially be regarded as a pro-
tective factor against the late complications of ROP.

We also observed this clinical finding in a very small
population of non-treated ROP patients. We did not
evaluate or compare the clinical features or incidence of
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these changes in non-treated or laser-treated patients,
but according to our experience, vitreous changes were
most marked in the IVB treated patients, so we con-
cluded that this clinical finding most likely results from
the disease itself and the treatment. We also did not
explain the influence of anatomical variations such as
the globe size or other confounding factors such as age,
sex, etc. in the rate of vitreous changes after IVB injec-
tion. Further investigations with a longer follow-up and a
larger sample size seem warranted in this field. Prognosis
of the above-mentioned vitreous changes after IVB injec-
tion needs further investigation. As all of our patients
had regressed ROP with complete retinal vascularization,
this finding could be considered a good prognostic factor
for ROP regression.

Conclusions

The vitreous findings described (thread-like vitreous con-
densation with localized vitreous liquefaction or linear
vitreous condensation) may be related to involutional
ROP disease itself, combined with anti-VEGF therapy
and possibly influenced the treatment near due date and
may be a predictor factor for further regression and reti-
nal vascularization. The case series describes a success-
ful response to anti-VEGF monotherapy with no further
complications such as disease reactivation or progression
to retinal detachment.

Authors’ contributions
All authors discussed the results and contributed to the final manuscript. All
authors read and approved the final manuscript.

Author details

! Eye Research Center, Mashhad University of Medical Sciences, Mashhad, Iran.
2 Retina Research Center, Khatam-Al-Anbia Eye Hospital, Mashhad University
of Medical Sciences, Abutalib Junction, Kolahdouz Blvd, Mashhad 9195961151,
Iran. 3 Ophthalmic Research Center, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
There are no restrictions on the availability of materials or information.

Consent for publication
A consent form signed by the patients.

Ethics approval and consent to participate

The authors followed the World Medical Association’s Declaration of Helsinki
and this study was approved and qualified by ethics committee of Katam-
al-Anbia eye research center and institutional review board of Mashhad
University of Medical Sciences.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5

Received: 22 December 2017 Accepted: 1 March 2018
Published online: 19 March 2018

References

1. Dogra MR, Katoch D, Dogra M. An update on retinopathy of prematurity
(ROP). Indian J Pediatr. 2017;84:930-6.

2. Fallaha N, Lynn MJ, Aaberg TM Jr, Lambert SR. Clinical outcome of
confluent laser photoablation for retinopathy of prematurity. J AAPOS
Am Assoc Pediatr Ophthalmol Strabismus/Am Assoc Pediatr Ophthalmol
Strabismus. 2002;6:81-5.

3. Eldweik L, Mantagos IS. Role of VEGF inhibition in the treatment of retin-
opathy of prematurity. Semin Ophthalmol. 2016;31:163-8.

4. Lashkari K, Hirose T, Yazdany J, McMeel JW, Kazlauskas A, Rahimi N. Vascu-
lar endothelial growth factor and hepatocyte growth factor levels are dif-
ferentially elevated in patients with advanced retinopathy of prematurity.
Am J Pathol. 2000;156:1337-44.

5. SatoT, Kusaka S, Shimojo H, Fujikado T. Vitreous levels of erythropoietin
and vascular endothelial growth factor in eyes with retinopathy of pre-
maturity. Ophthalmology. 2009;116:1599-603.

6. Mintz-Hittner HA, Kennedy KA, Chuang AZ. Efficacy of intravitreal
bevacizumab for stage 3+ retinopathy of prematurity. New Engl J Med.
2011;364:603-15.

7. Foos RY. Chronic retinopathy of prematurity. Ophthalmology.
1985,92:563-74.

8. Johnson MW. Posterior vitreous detachment: evolution and complica-
tions of its early stages. Am J Ophthalmol. 2010;149:371-82.

9. Van Geest RJ, Lesnik-Oberstein SY, Tan HS, Mura M, Goldschmeding R, Van
Noorden CJ, et al. A shift in the balance of vascular endothelial growth
factor and connective tissue growth factor by bevacizumab causes the
angiofibrotic switch in proliferative diabetic retinopathy. Br J Ophthalmol.
2012;96:587-90.

10. Honda S, Hirabayashi H, Tsukahara Y, Negi A. Acute contraction of the
proliferative membrane after an intravitreal injection of bevacizumab for
advanced retinopathy of prematurity. Graefes Arch Clin Exp Ophthalmol.
2008;246(7):1061-3.

1. WuWC, Yeh PT, Chen SN, Yang CM, Lai CC, Kuo HK. Effects and complica-
tions of bevacizumab use in patients with retinopathy of prematurity: a
multicenter study in Taiwan. Ophthalmology. 2011;118:176-83.

12. Daniels JT, Schultz GS, Blalock TD, Garrett Q, Grotendorst GR, Dean NM,
Khaw PT. Mediation of transforming growth factor-beta 1 stimulated
matrix contraction by fibroblasts: a role for connective tissue growth fac-
tor in contractile scarring. Am J Pathol. 2003;163:2043-52.

13. Geck U, Pustolla N, Baraki H, Atili A, Feltgen N, Hoerauf H. Posterior vitre-
ous detachment following intravitreal drug injection. Graefe’s Arch Clin
Exp Ophthalmol. 2013;251:1691-5.

14. Rouvas A, Petrou P, Ladas |, Neamonitou G, Vergados I. Spontaneous
resolution of vitreomacular traction following ranibizumab (Lucentis)
injection. Eur J Ophthalmol. 2008;18:301-3.

15. Hikichi Taiichi, Nomiyama Goh, Ikeda Hiroshi, Yoshida Akitoshi. Vitreous
changes after treatment of retinopathy of prematurity. Jon J Ophthalmol.
1999;43:543-5.

16. Lee BJ, Kim JH, Heo H, Yu YS. Delayed onset atypical vitreoretinal traction
band formation after an intravitreal injection of bevacizumab in stage 3
retinopathy of prematurity. Eye (London, England). 2012;26:903-9.

17. Carden SM, Luu LN, Nguyen TX, Huynh T, Good WV. Retinopathy of
prematurity: postmenstrual age at threshold in a transitional econ-
omy is similar to that in developed countries. Clin Exp Ophthalmol.
2008;36(2):159-61.

18. Fortes Filho JB, Eckert GU, Valiatti FB, Santos PG, Costa MC, Procianoy RS.
Postconceptional age at the treatment of retinopathy of prematurity in
inborn and referred preterm infants from the same institution. Arq Bras
Oftalmol. 2011;74(4):251-4.



	Vitreous changes after intravitreal bevacizumab monotherapy for retinopathy of prematurity: a case series
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




