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Abstract
The use of anti-vascular endothelial growth factor (VEGF) agents has led to a dramatic increase in
the number of intravitreal injections. Endophthalmitis remains a rare but potentially vision-
threatening complication of intravitreal injections. Recent large series have estimated this risk to
be about one in 3,000 injections or less. Bevacizumab, which is generally prepared by a
compounding pharmacy, is associated with additional risks of contamination. Although
endophthalmitis cannot be prevented in all cases, certain risk reduction strategies have been
proposed, including the use of an eyelid speculum, povidone iodine, avoidance of needle contact
with the eyelid margin or eyelashes, and avoidance of routine post-injection antibiotics. Despite
these precautions, some patients will develop endophthalmitis following intravitreal anti-VEGF
injections, and outcomes may be poor despite prompt and appropriate therapy.
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Introduction
The introduction of anti-vascular endothelial growth factor (anti-VEGF) agents has resulted
in a dramatic increase in intravitreal injections over the past 10 years [1]. Perhaps the most
serious complication of intravitreal injections is infectious endophthalmitis, which even with
prompt and appropriate therapy may lead to severe visual loss and potentially loss of the eye
[2].

Endophthalmitis after intravitreal injections is one of several categories of endophthalmitis
—including post-surgical, post-traumatic, endogenous and associated with microbial
keratitis [3]—and is associated with some unique features. For example, a retrospective
series of 101 patients with endophthalmitis (48 following cataract surgery and 53 following
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intravitreal injection) reported that the cases associated with intravitreal injection were more
likely to be caused by Streptococcus species, to present earlier and to have relatively poorer
visual outcomes [4]. Recently, there has been increased understanding of these unique
features, especially regarding rates of endophthalmitis, specific risks associated with
compounded medications, risk reduction strategies and other considerations.

Rates of Endophthalmitis
Most patients undergoing treatment with anti-VEGF agents receive a series of injections
potentially over months or years. It is therefore important to distinguish between rates of
endophthalmitis per injection versus cumulative rates of endophthalmitis per treated eye
over the course of therapy. The per-patient rates represent cumulative risk and will
necessarily be higher than the per-injection rates. In either case, the rates are generally very
low, but per-patient rates may approach 1 % when viewed over a 2-year course of treatment.

For example, recent large series from Denmark (2 cases out of 7,584 injections, 0.026 %)
[5], Australia (2 out of 9,162, 0.022 %) [6], Massachusetts (3 out of 10,208, 0.029 %) [7]
and Florida (12 out of 60,322, 0.020 %) [8•] suggest a rate of 1 in 3,000 anti-VEGF
injections or less (Table 1). A population-based study in the UK estimated a per-injection
rate of 0.025 % [9]. A US single-center review of 10,164 consecutive injections performed
using bimanual assisted eyelid retraction (using an assistant’s fingers to manually retract the
lids), without a lid speculum, reported 3 cases of endophthalmitis (0.030 %) [10].
Interestingly, a review of the US Medicare claims database reported per-injection rates of
0.09 % for endophthalmitis and 0.11 % for noninfectious uveitis [11].

In contrast to the per-injection rates, the Comparison of Age-related Macular Degeneration
Treatments Trials (CATT), a prospective randomized clinical trial (RCT) comparing
ranibizumab (Lucentis, Genentech, South San Francisco, CA) and bevacizumab (Avastin,
Genentech, South San Francisco, CA) in 1,107 patients with exudative AMD, reported per-
patient rates of endophthalmitis of 0.7 % with ranibizumab and 1.2 % with bevacizumab (p
= 0.38) over 2 years [12]. The Randomised Controlled Trial of Alternative Treatments to
Inhibit VEGF in Age-Related Choroidal Neovascularization (IVAN), another RCT
comparing ranibizumab to bevacizumab, did not specifically report endophthalmitis rates
but reported ‘‘severe uveitis’’ in 1 of 610 patients at 1 year (0.16 %) [13].

Compounded Medications
Bevacizumab is used in an ‘‘off-label’’ capacity to treat retinal diseases and is generally
prepared by compounding pharmacies for intravitreal use. The use of a compounding
pharmacy introduces an additional step between the drug manufacturer and treating
physician, and this additional step may result in contamination of the medication (Fig. 1).
For example, a series of eight patients treated in a single practice in New York with a
combination of compounded bevacizumab and triamcinolone acetonide from a single
compounding pharmacy developed fungal endophthalmitis with Bipolaris hawaiiensis [14•].
A series of 12 patients in Florida treated with bevacizumab from a single compounding
pharmacy developed endophthalmitis with a common strain of Streptococcus mitis/oralis,
and despite prompt treatment only 1 patient regained pre-injection visual acuity [15•] (Table
2).

Intravitreal injections also may be associated with sterile intraocular inflammation of
unknown causes. Distinguishing between non-infectious versus infectious inflammation
after injection may be very difficult. A Japanese group reported culture-negative
endophthalmitis in 14 consecutive patients treated with a single batch of bevacizumab [16].
In one center in India, six of eight patients who were treated with bevacizumab from the
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same vial developed culture-negative endophthalmitis [17]. One center in Iran reported
culture-negative intraocular inflammation in 4 out of 15 eyes treated with one batch of
bevacizumab and 7 out of 18 eyes (including one bilateral case) from a second batch [18]. A
retrospective review of 1,584 injections reported that severe intraocular inflammation was
12 times more common after treatment with bevacizumab than with ranibizumab [19].
Sequential noninfectious intraocular inflammation has been reported in the same patient
following treatment with bevacizumab and then ranibizumab, suggesting cross-sensitivity
[20].

Counterfeit bevacizumab has been reported in China. Eighty patients out of 116 injected
from three vials of counterfeit bevacizumab developed culture-negative endophthalmitis; 21
patients underwent pars plana vitrectomy (PPV), and endotoxin was identified in the
vitreous samples [21].

Risk Reduction Strategies
Multiple strategies have been suggested to reduce the risk of post-injection endophthalmitis.
At this time, it is not possible to prevent endophthalmitis, and its incidence should not
necessarily be interpreted as a failure of surgeon technique [22].

Oral flora may represent a relatively greater risk factor for endophthalmitis following
intravitreal injection than for other categories of endophthalmitis. A meta-analysis of 52
endophthalmitis cases out of 105,536 injections (0.049 %) reported that Streptococcus
isolates comprised 30.8 % of culture-positive cases, which is significantly greater than that
reported in multiple post-surgical endophthalmitis series [23]. A series of 109 cases of
endophthalmitis (88 post-surgical and 21 post-injection) reported Streptococcus viridans
organisms in 14.3 % of post-injection cases versus 4.5 % of post-surgical cases (p = 0.13)
[24].

There are no randomized, prospective trials evaluating the use or non-use of facemasks. In
two separate small prospective trials with simulated intravitreal injections, bacterial
dispersal was significantly lessened by wearing a face mask or by not speaking [25, 26]. A
Japanese series of 15,144 injections performed using a protocol involving the use of surgical
masks by the physician and nurse assistant, and a drape on the patient’s face, resulted in zero
cases of endophthalmitis [27].

There appears to be a long-term trend away from the routine use of post-injection topical
antibiotics. A series in Spain reported a significantly greater per-injection rate of
endophthalmitis using ofloxacin (0.12 %) versus azithromycin (0.049 %) [28]. However,
many other authors have reported that antibiotic use does not reduce rates of
endophthalmitis and may in fact increase the risk. For example, a series from Iran reported
that 68 % of 5,901 injected eyes were treated with antibiotics, and 6 endophthalmitis cases
(0.10 %) occurred, all in antibiotic-treated eyes [29]. A series of 15,895 injections (including
anti-VEGF agents and triamcinolone acetonide) reported higher overall rates of
endophthalmitis in patients treated with topical antibiotics than in patients not so treated
[30]. The Diabetic Retinopathy Clinical Research Network reported a series of 8,027
intravitreal injections in which there was a nonsignificantly higher rate of endophthalmitis
(0.13 vs. 0.03 %, p = 0.25) with the use of topical antibiotics [31].

The repeated use of topical antibiotics following repeated intravitreal injections may change
the conjunctival flora. In a prospective non-randomized study in which 84 patients were
treated with topical moxifloxacin after monthly injections and 94 patients were not, the
treated patients, but not the untreated patients, demonstrated statistically significant
increases in minimal inhibitory concentrations of ocular surface flora, indicating increased
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resistance to moxifloxacin and ceftazidime [32]. Alternatively, another prospective study of
104 patients reported that repeated exposure to topical fluoroquinolones did not affect
baseline fluoroquinolone resistance in conjunctival and nasal flora, although the
investigators reported that 45 % of patients harbored at least one fluoroquinolone-resistant
organism at baseline [33].

Other variations on the traditional ‘‘prep’’ have been investigated. A single-surgeon series
from Australia of 12,249 injections reported a significantly lower endophthalmitis rate when
the injection was performed in an operating room, rather than in the clinic [34]. In contrast, a
comparison of two groups (one in the US, one in Italy) reported a nonsignificantly higher
endophthalmitis rate in an operating room setting compared to a clinic setting (0.065 vs.
0.035 %) [35]. A prospective series of 100 patients randomized them between the use of
1.25 % povidone-iodine plus topical levofloxacin versus the more commonly used 5 %
povidone-iodine and found no significant differences with respect to conjunctival flora
reduction [36]. In a series of 8,802 injections, the application of 2 % lidocaine gel prior to
povidone-iodine did not affect rates of endophthalmitis [37].

Other Considerations
A minority of injections may result in a small amount of liquid reflux back under the
conjunctiva, resulting in a temporary bleb. It is unclear whether the fluid in this bleb
represents medication or vitreous, but it has been proposed that vitreous reflux may be a risk
factor for endophthalmitis [38]. An animal study using radiolabeled anti-VEGF agents
demonstrated that this material is most likely the medication itself [39].

The technique of bilateral same-day intravitreal injections has been reported to have a
similar safety profile to that of unilateral injections [40], but one center reported two patients
who developed bilateral Staphylococcus epidermidis endophthalmitis following this
procedure [41].

Unusual organisms recently reported after intravitreal injections include group G
Streptococcus [42] and Rhizobium radiobacter [43].

There is no current consensus on the preferred treatment of post-injection endophthalmitis.
The Endophthalmitis Vitrectomy Study did not enroll patients with post-injection
endophthalmitis, so its findings cannot be directly applied to these patients. PPV with
silicone oil infusion has been reported as a treatment of post-injection endophthalmitis [44],
but another group reported more favorable treatment outcomes using vitreous tap and inject
rather than PPV in a series of 23 eyes [45].

Conclusions
There is an increasing understanding of the factors influencing post-injection
endophthalmitis, and current rates are very low, in the range of 1 in 3,000 injections or less.
Nevertheless, the disease still occurs, and it may not be possible to completely prevent it.

Bevacizumab, which is generally prepared by a compounding pharmacy, is associated with
additional risks. A root-cause analysis has suggested using a single vial of bevacizumab for
each eye, which substantially increases costs, or strictly adhering to US Pharmacopoeia
Chapter 797 requirements using one vial for multiple injections [46]. Outside the US,
however, adherence to these requirements may be impractical [47].

Certain risk reduction strategies may be beneficial in reducing rates of post-injection
endophthalmitis (Table 3). The use of face masks during intravitreal injections may be
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helpful, although discouraging talking may be similarly helpful. There is no current
consensus regarding face masks, and they should not be considered standard practice at this
time [48], although there does not appear to be any risk associated with their use. In contrast,
it is becoming increasingly apparent that topical antibiotics do not reduce the rate of
endophthalmitis following intravitreal anti-VEGF agents and that antisepsis, rather than
topical antibiotics, is a preferred practice [49]. In fact, the routine use of topical antibiotics
may actually be detrimental by increasing costs and leading to the emergence of multi-drug-
resistant organisms [50]. By using these strategies, risks of post-injection endophthalmitis
may be reduced, although infections will still occur, occasionally with severe visual
consequences.
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Fig. 1.
Endophthalmitis after intravitreal injection. A 72-year-old white male underwent treatment
with bevacizumab and presented 2 days later with hand motion vision, moderate
conjunctival injection, hypopyon and fibrin. Vitreous cultures subsequently isolated
Streptococcus species
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Table 1

Selected reports of per-injection rates of endophthalmitis after intravitreal anti-VEGF injections

Series Cases Injections Rate (%)

Rasmussen et al. [5] 2 7,584 0.026

Gillies et al. [6] 2 9,162 0.022

Englander et al. [7] 3 10,208 0.029

Moshfeghi et al. [8•] 12 60,322 0.020

Rates per patient over multiple years may be substantially higher VEGF vascular endothelial growth factor
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Table 2

Selected series of endophthalmitis associated with compounded medications

Series Medications Cases Organisms

Sheyman et al. [14•] Bevacizumab plus Triamcinolone   8 Bipolaris hawaiiensis

Goldberg et al. [15•] Bevacizumab 12 Streptococcus mitis/oralis
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Table 3

Strategies to reduce risk of post-injection endophthalmitis

Povidone-iodine preparation of conjunctiva and eyelid margins

Eyelid speculum

Avoidance of needle contact with eyelid margins or eyelashes

Facemask or reduced talking during procedures (controversial)

Avoidance of routine antibiotics (controversial)
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