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Abstract

Background Vascular endothelial growth factor (VEGF)
plays an important role in many diseases of the posterior pole
that are characterized by macular edema and/or intraocular
neovascularization. Recently anti-VEGF agents such as
ranibizumab and pegaptanib sodium have been shown to be
beneficial in the treatment of choroidal neovascularization
(CNV) secondary to age-related macular degeneration
(ARMD). However in most parts of the world, both
pegaptanib sodium and ranibizumab are not readily available.
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Bevacizumab, a humanized recombinant monoclonal IgG
antibody that binds and inhibits all VEGF isoforms, has been
proposed as an alternative treatment option.

Methods A total of 1,265 consecutive patients were injected
with bevacizumab for diseases such as proliferative diabetic
retinopathy, diabetic macular edema, retinal vein occlusions,
and CNV of several etiologies including ARMD at eight
Latin American institutions from 1 September 2005 to 31
January 2006. Of these 1,265, 92 were excluded because
they were injected once and lost to follow-up. The remaining
1,173 patients constitute the subjects of this retrospective,
multicenter, open label, uncontrolled interventional case
series that reports the cumulative systemic and ocular
adverse events following intravitreal bevacizumab during
12 months of follow-up. Patients were examined at baseline
and then monthly. If the patients were unable to attend the
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12-month visit, a telephone interview was conducted to
assess for possible systemic complications.

Results A total of 4,303 intravitreal injections of bevacizumab
on 1,310 eyes was reported. All 1,173 patients were accounted
for at the 12-month visit. Systemic adverse events were
reported in 18 (1.5%) patients. These included seven (0.59%)
cases of an acute elevation of systemic blood pressure, six
(0.5%) cerebrovascular accidents, five (0.4%) myocardial
infarctions, two (0.17%) iliac artery aneurysms, two (0.17%)
toe amputations and five (0.4%) deaths. Ocular complications
included seven (0.16%) bacterial endophthalmitis, seven
(0.16%) tractional retinal detachments, four (0.09%) uveitis,
and a case (0.02%) each of rhegmatogenous retinal detach-
ment and vitreous hemorrhage.

Conclusion Despite the limited follow-up, repeated intra-
vitreal injections of either 1.25 mg or 2.5 mg of bevacizumab
appears to be safe and well tolerated during the 1st year.

Keywords Age-related macular degeneration -
Angiogenesis - Choroidal neovascularization -
Diabetic macular edema - Intravitreal bevacizumab -
Proliferative diabetic retinopathy - Safety

Introduction

Vascular endothelial growth factor (VEGF) plays an important
role in many diseases of the posterior pole that are
characterized by macular edema and/or intraocular neo-
vascularization [1, 2]. Such diseases include proliferative
diabetic retinopathy (PDR), diabetic macular edema (DME),
neovascular glaucoma, retinopathy of prematurity, choroidal
neovascularization (CNV) and retinal vein occlusions [1, 2].
VEGF inhibition in experimental models of diabetic retinop-
athy and CNV have shown promising results [3, 4]. Recently
pegaptanib sodium (Macugen®, Eyetech, NY, NY), an
aptamer against VEGF165, has been shown to be beneficial
in the treatment of CNV secondary to age-related macular
degeneration (ARMD) and DME [5, 6]. Ranibizumab
(Lucentis®, Genentech, San Francisco, CA), a fragment of
a humanized monoclonal antibody against all VEGF iso-
forms, also appears to be beneficial in the treatment of CNV
secondary to ARMD [7]. However, in most parts of the
world, both pegaptanib sodium and ranibizumab are not
readily available. A humanized, recombinant monoclonal IgG
antibody that binds and inhibits all VEGF isoforms,
bevacizumab (Avastin®, Genentech, San Francisco, CA), is
readily available. It has been approved by the United States
Food and Drug Administration as an adjuvant agent in the
treatment of metastatic colorectal carcinoma. In these patients
with metastatic colorectal carcinoma, there was an increased
rate of thromboembolic disease in patients receiving an
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intravenous infusion of bevacizumab 5 mg/kg of body weight
every 2 weeks. In addition systemic hypertension was seen in
a fair number of patients [8]. Michels and colleagues reported
on the benefits of systemic bevacizumab administration in
eyes with CNV secondary to ARMD. The most common side
effect reported by them was systemic hypertension [9].
Rosenfeld et al. proposed the administration of intravitreal
bevacizumab as an alternative to minimize the systemic risks
associated with systemic anti-VEGF therapy [10, 11].

The purpose of this study is to report on the systemic
and ocular safety of intravitreal injections of 1.25 mg or
2.5 mg of bevacizumab.

Materials and methods

This is an open label, uncontrolled multicenter interventional
case series of all patients that were injected from 1 September
2005 to 31 January 2006 with either 1.25 mg or 2.5 mg of
intravitreal bevacizumab for a variety of retinal disorders
characterized by intraocular neovascularization and/or macu-
lar edema including proliferative diabetic retinopathy, diabetic
macular edema, retinal vein occlusions, and CNV of several
etiologies including ARMD. A total of 1,265 consecutive
patients were identified at eight institutions in seven countries
of Latin America. Of these 1,265 patients, 92 were excluded
because they were injected once and lost to follow-up. The
remaining 1,173 patients constitute the subjects of this report.
The study and data accumulation were carried out in
adherence to the tenets of the Declaration of Helsinki. Prior
to injection, all patients were given an informed consent and
offered alternative treatments. All patients were made aware
of the off-label use of this medication, possible systemic and
ocular complications.

Patients underwent a complete ocular examination at
baseline and then monthly. Additional examinations were
scheduled according to the clinical decision of each individual
investigator. In addition patients underwent fluorescein angi-
ography and optical coherent tomography at different time
intervals at baseline and several time points during their
follow-up. Monitored systemic conditions included myocardi-
al infarction, stroke, systemic hypertension, thromboembolic
diseases and death. Blood pressure was measured prior to
bevacizumab injection and at 2 weeks following each injection.
Other systemic conditions were assessed by a throrough review
of systems. All patients were contacted in December 2006 and
January 2007 and asked to return for a check-up. If the patients
were unable to attend, a telephone interview was conducted to
assess for possible systemic complications.

Bevacizumab was stored under refrigeration in two
different ways: (1) a single vial of 100 mg/4 ml was re-
utilized as needed and (2) the contents of the vial were
aliquoted out into single-use syringes under sterile con-
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ditions. All injections were performed in the usual sterile
fashion with a sterile lid speculum and 5% topical
povidone-iodine [12]. Topical antibiotics were prescribed
for 5 to 7 days after the injection.

Results

A total of 4,303 intravitreal injections of bevacizumab in
1,310 eyes of 1,173 patients were reported from eight
centers in seven countries. The baseline demographic
characteristics are summarized in Table 1. The most
common indications for intravitreal bevacizumab were
diabetic retinopathy and CNV of several etiologies. These
are listed in Table 2. The patients have been followed for an
average of 13.2 months (range 12-15 months). At the
1 month visit, 1,160 patients presented, 997 patients showed
up for the 6-month vist, and 786 patients returned for the 12-
month visit. For the patients missing their 12-month
appointment, 387 telephone contacts were made. Thus, at
the 12-month follow-up visit, all patients had been accounted
for. Reinjections were reported in 786 eyes after an average
of 8 weeks (range 4-14 weeks). On average each eye
received 3.3 injections (range 1-10 injections). Of the 4,303
injections, 687 (16%) were given with the 1.25 mg dose and
3,616 (84%) with the 2.5 mg dose. Of all the injections,
1,833 (42%) were performed with single-use sterile syringes,
and 2,470 (58%) were drawn from the same vial as needed.

Of the 1,173 patients, 18 (1.5%) suffered systemic
adverse events. These included five deaths (0.4%). The
most common adverse event was a transient elevation in
systemic blood pressure, which was seen in seven (0.6%)
patients. These elevations in blood pressure were generally
mild and ocurred anywhere from 7 h to 2 weeks following
injection. The only exception was an 86-year-old woman
with known systemic hypertension who developed a
choroidal neovascular membrane in her right eye and was
injected with 1.25 mg of bevacizumab. Seven hours later
she did not feel well and was seen in the Emergency Room.
Her blood pressure was measured to be 240/100. Four

Table 1 Baseline characteristics of patients receiving intravitreal
bevacizumab*

Baseline characteristic

Age 54yrs
Male 470
Female 703
Diabetes mellitus 548
Systemic arterial hypertension 743
Cerebrovascular accident 32
Myocardial infarction 44
*Yrs=years.

Table 2 Indications for intravitreal bevacizumab*

Indication Number of patients
CNV 2 ARMD 345
Diabetic macular edema 342
Proliferative diabetic retinopathy 159
CRVO 66
BRVO 63
CNV 2 myopia 42
CME 42
Neovascular glaucoma 30
Idiopathic CNV 18
Chronic CSR 6
ROP 6
Tumors 5
Other 49

*CNV=choroidal neovascularization, ARMD=age-related macular
degeneration, CRVO=central retinal vein occlusion, BRVO=branch
retinal vein occlusion, CME=cystoid macular edema, CSR=central
serous retinopathy, ROP=retinopathy of prematurity.

patients developed cerebrovascular accidents resulting in
two deaths. Three patients developed myocardial infarc-
tions with two fatalities. Two additional patients suffered a
myocardial infarction and a cerebrovascular accident. One
managed to survive. So in total there were six (0.5%)
cerebrovacular accidents and five (0.4%) myocardial
infarctions. Two (0.17%) patients developed iliac artery
aneurysms 13 and 14 months after bevacizumab injection.
Two (0.17%) diabetic patients underwent toe amputations
at 2 and 6 weeks following injection. All the systemic
adverse events are summarized in Table 3.

Table 4 lists the reported ocular complications. The most
common ocular complication was subconjunctival hemor-
rhage, which was seen in 838 cases. Seven (0.16%) cases of
a transient increase of intraocular pressure were reported.
These were managed with topical medications. Four
(0.09%) cases of severe uveitis were reported. These were
managed with topical corticosteroids. Seven (0.16%) cases
of bacterial endophthalmitis were observed. The cultures
yielded five cases of coagulase negative staphylococci and
one case each of Staphylococcus aureus and Streptococcus
pneumoniae. Six of the seven endophthalmitis cases were
injected with bevacizumab stored in sterile single-use
syringes. The five eyes with coagulase-negative staphylo-
cocci were managed with pars plana vitrectomy and
intravitreal antibiotics. The other two cases were managed
solely with intravitreal antibiotics. Six of the seven eyes lost
vision despite treatment. One eye remained at the pre-
injection visual acuity of 20/100, and the rest lost vision to
counting fingers, hands motions and light perception. Seven
(0.16%) eyes with PDR characterized by extensive intraocular
neovascularization despite extensive panretinal photocoagu-
lation were injected with 1.25 mg of bevacizumab; only one
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Table 3 Systemic adverse events following intravitreal bevacizumab*

Patient  Age, Adverse event  Time from No. of Ocular condition Medical history Outcome
no. gender last injections
injection (dose)
1 86 F Acute HTN 7 hours 1 (1.25 mg)  Exudative ARMD HTN Alive
2 75 F Acute HTN 7 days 4 (2.5 mg) Exudative ARMD HTN Alive
3 66 M Acute HTN 2 days 1 (2.5 mg) Macular edema BRVO HTN Alive
4 85 F Acute HTN 2 weeks 1 (2.5 mg) Exudative ARMD HTN Alive
5 71 F Acute HTN 5 days 2 (2.5 mg) Exudative ARMD HTN, DM Alive
6 71 F Acute HTN 3 days 2 (2.5 mg) Neovascular glaucoma DM Alive
7 68 F Acute HTN 2 weeks 2 (2.5 mg) Exudative ARMD HTN Alive
8 77 F CVA 6 weeks 1 (1.25 mg) Exudative ARMD None Death
7 69 M CVA 11 days 1 (1.25 mg) Combined diabetic tractional and HTN, DM, CABG Alive
rhegmatogenous retinal
detachment
8 72M CVA 12 months 1 (1.25 mg) Neovascular glaucoma HTN, CVA, DM Death
9 53 M CVA 10 days 3 (2.5 mg) Neovascular glaucoma DM Alive
10 54 F CVA and 2 weeks 4 (2.5 mg) Neovascular glaucoma DM, HTN Alive
myocardial
infarct
11 59 M CVA and 3 months 2 (2.5 mg) Diabetic macular edema HTN, DM, renal Death
myocardial failure
infarct
12 43 M Myocardial 6 days (1.25 mg) Combined diabetic tractional and HTN, DM, renal Alive
infarct rhegmatogenous retinal dialysis, myocardial
detachment infarct
13 74 M Myocardial 12 months 1 (1.25 mg)  Diabetic macular edema HTN, DM Death
infarct
14 89 F Myocardial 7 weeks 1 (1.25 mg) Exudative ARMD HTN Death
Infarct
15 77 M Iliac artery 14 months 7 (1.25 mg)  Exudative ARMD HTN Alive
aneurysm
16 72M Iliac artery 13 months 6 (1.25 mg)  Exudativa ARMD HTN Alive
aneurysm
17 41 F Toe 2 weeks 4 (2.5 mg) Neovascular glaucoma HTN, DM Alive
amputation
18 S8 F Toe 6 weeks 2 (2.5 mg) Neovascular glaucoma HTN, DM Alive
amputation

HTN=hypertension, ARMD=age-related macular degeneration, BRVO=branch retinal vein occlusion, DM=diabetes mellitus, CVA=cerebrovas-

cular accident, CABG=coronary artery bypass graft.

Table 4 Ocular complications following intravitreal bevacizumab*

Ocular complication

Subconjunctival hemorrhage 838
IOP increase

Endophthalmitis

Tractional retinal detachment
Uveitis

Transient hypotony
Rhegmatogenous retinal detachment
Vitreous hemorrhage

el SN BN N |

*[OP=intraocular pressure.
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eye had been injected with the 2.5 mg dose. At a mean of
1 week (range: 4 to 13 days), it was noticed that the
neovascular membranes had regressed, but the resulting
fibrous tissue led to the development or progression of
tractional retinal detachment. Six of the seven eyes underwent
pars plana vitrectomy with satisfactory anatomic results.

Discussion

Anti-VEGF agents gain access to the systemic circulation
following an intravitreal injection [11, 13—15]. Systemic
VEGF blockade can give rise to complications such as
systemic hypertension, thromboembolic diseases or even
death [8, 16]. In a cancer trial, hypertension was noted in
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22.4% of patients treated with chemotherapy and bevacizu-
mab compared to 8.3% in the chemotherapy-only group [8].
A mild transient, but significant elevation in mean systolic
blood pressure was reported in patients with CNV secondary
to ARMD who received a systemic infusion of bevacizumab
[9]. In our study, a transient mild rise in systemic blood
pressure was seen in seven (0.6%) patients a few hours to
2 weeks after an intravitreal injection of bevacizumab. In
contrast in a smaller series of 45 patients, Kernt et al.
reported significantly lower diastolic blood pressures at 1
and 6 h following an intravitreal injection of 1.25 mg of
bevacizumab compared to baseline. They attributed these
changes to normal physiological diurnal variations or
alternatively to easing of surgery-related stress [17].

As many as 5% of all patients using systemic bevacizumab
in combination with chemotherapy may be at an increased risk
of developing a serious or fatal thromboembolic event [8, 18].
Fung and associates designed an internet-based voluntary
survey to assess the adverse events associated with intra-
vitreal bevacizumab. In this survey, 7,113 injections were
reported on 5,228 patients. They reported 2 deaths, 5
cerebrovascular accidents and 15 blood pressure elevations
in this cohort of patients [19]. Other smaller series have also
confimed a lack of systemic complications following an
intravitreal injection of 1.25 mg of bevacizumab [20, 21]. In
our series of 1,173 patients, 18 (1.5%) developed systemic
adverse events, including 5 (0.4%) deaths.

Several clinical trials examining different pharmacologic
agents against exudative age-related macular degeneration have
reported a mortality rate of 2% to 4% in both experimental and
control groups [6, 22—24]. In addition, the rates of thrombo-
embolic disease have ranged from 1.3% to 6%. There were no
statistically significant differences between anti-VEGF treated
eyes and controls [6, 25]. Spaide and colleagues conducted a
retrospective study of 266 patients that underwent an intra-
vitreal injection of 1.25 mg of bevacizumab for exudative
ARMD. They reported transient ischemic attacks in two
patients, a non-fatal myocardial infarction and two deaths. The
mortality rate of 0.6% in our sub-group of 345 patients with
ARMD is much lower than other series.

The estimated mortality rate of non-insulin-dependent
diabetic patients has been reported to be 5.4% [26]. In contrast
in our series, 0.55% (3/548) of diabetic patients passed away.

The different mortality rates between our series and the
rest of the literature may be explained by our small sample
size, short-term follow-up of our patients and the biases
inherent in a retrospective review. Alternatively, the
different ethnic background of our population from that of
the aforementioned clinical trials could explain different
rates of mortality in different populations. In any event,
there did not seem to be an increased number of deaths.

Another concern has to do with the fact that bevacizumab is
not manufactured or labeled for intravitreal injection. Several

electrophysiologic and histologic studies have shown the lack
of ocular toxicity of intravitreal bevacizumab in cell cultures,
animal and human eyes at least in the short term [27-31].

Bacterial endophthalmitis is an expected and dreaded
complication of any intravitreal injection. Sterile technique
and antisepsis with instillation of topical povidone iodine
5% into the conjunctival fornix prior to an intravitreal
injection may reduce the risk of endophthalmitis [12]. The
rate of bacterial endophthalmitis for intravitreal injections
of a variety of substances such as pegaptanib sodium,
ranibizumab, gancyclovir, fomivirsen, cidofovir, triamcino-
lone and gas is 0.1% to 0.6% [6, 7, 32]. Our rate of
bacterial endophthalmitis of 0.16% per injection is similar
to those reported in the literature [32]. One might think that
the re-utilization of a single vial might be a risk factor in the
development of infectious endophthalmitis. However, in
86% (6/7) of our cases of bacterial endophthalmitis the
injected bevacizumab had been stored in single-use sterile
syringes. Interestingly in our study, the rate of bacterial
endophthalmitis was 0.04% in subjects who were injected
from a single multi-use vial. In contrast, the rate of bacterial
endophthalmitis was 0.33% (6/1,833 injections) in eyes
injected with single-use sterile syringes.

Intraocular inflammation has been shown to be the dose-
limiting toxicity of intravitreal ranibizumab [11]. In fact, the
manufacturer switched from a lyophilized formulation to a
liquid formulation. Given that bevacizumab and ranibizu-
mab are derived from the same molecule, it is somewhat
surprising that in our study only four cases of severe
anterior uveitis were reported. These were easily managed
with topical corticosteroids. However, this is consistent
with the findings of Ziemssen and colleagues that showed
that the aqueous flare in 60 patients injected with 1.25 mg
of intravitreal bevacizumab for age-related macular degen-
eration had a slight increase only in the first post-injection
day as measured by the flaremeter [33].

Seven eyes with progressive proliferative diabetic
retinopathy despite aggressive panretinal photocoagulation
underwent adjuvant bevacizumab injections. In a matter of
days, the neovascularization regressed, but the resulting
fibrous scar tissue led to the development or progression of
tractional retinal detachments. Six of the seven eyes
underwent pars plana vitrectomy with satisfactory anatomic
results. Therefore, caution should be exercised when
injecting these eyes, and the patients should be warned
that vitrectomy might be warranted after all.

In summary, an intravitreal injection of either 1.25 mg or
2.5 mg of bevacizumab appears to be safe and well
tolerated during the Ist year. Limitations of our study
include its short term, its lack of randomization, its lack of
controls and its retrospective design, which preclude any
estimation of the long-term safety of intravitreal bevacizu-
mab. Furthermore, the detection of systemic adverse events
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such as myocardial infarction was based solely on a
thorough review of systems. Patients did not undergo
routine cardiac examination. Therefore, our rate of adverse
events probably underestimates the true rate of events as
clinically silent events went undetected. Continued moni-
toring of the adverse side effects in these patients is
essential to determine if chronic inhibition of VEGF by
bevacizumab remains safe.

Appendix

The following investigators belong to the Pan-American
Collaborative Retina Study Group (PACORES):

The Pan-American Collaborative Retina Study Group
(PACORES)*

L. Wu (PI), T. Evans, Instituto de Cirugia Ocular, San Jose,
Costa Rica; J.F. Arevalo (PI), J.G. Sanchez, R.A. Garcia-
Amaris, Clinica Oftalmologica Centro Caracas and the
Arevalo-Coutinho Foundation for Research in Ophthalmol-
ogy, Caracas, Venezuela; M. Farah (PI), M. Maia, F.B. Aggio,
Universidade Federal de Sdo Paulo-Departamento de Oftal-
mologia-Instituto da Visdo-Sao Paulo, Brazil; H. Quiroz-
Mercado (PI), J. Fromow-Guerra, V. Morales- Canton,
J. Dalma-Weiszhausz, Asociacion para Evitar la Ceguera en
México, Mexico City, Mexico; F.J. Rodriguez (PI), R. Infante,
S. Flores, D. Medina, Fundacion Oftalmologica Nacional,
Universidad del Rosario, Bogota, Colombia; M.H. Berrocal
(PI), V. Cruz-Villegas, University of Puerto Rico, San Juan,
Puerto Rico; F. Graue-Wiechers (PI), D. Lozano-Rechy,
V. Robledo, Fundacion Conde Valenciana, Mexico City,
Mexico; J.A. Roca (PI), G. Reategui, Clinica Ricardo Palma,
Lima, Peru; M. J. Saravia (PI), M. Martinez-Cartier, Hospital
Universitario Austral, Buenos Aires, Argentina; M. Avila (PI),
Universidade Federal de Goias-Departamento de Oftalmolo-
gia-Goiania, Brazil; RA Costa (PI), J. Cardillo, Hospital de
Olhos de Araraquara, and the Universidade de Sao Paulo, Sao
Paulo, Brazil.

*PI=principal investigator.
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