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5.1 Introduction

The introduction of new drugs for the treatment 
of age-related macular degeneration (AMD) has 
led to a significant change in ophthalmological 
practice. Until a few years ago, intravitreal injec-
tions were reserved for a small number of rare 
diseases (e.g., endophthalmitis, viral retinitis). 
Within a short period of time, the numbers of 
injections have increased and are now second 
only to cataract surgery as the most common 
treatment in most tertiary centers across Europe 
and the United States. It is likely that intravit-
real injections with the anti-vascular endothelial 

growth factor (VEGF) type of action will soon 
become the most common intraocular procedure 
performed worldwide. With intravitreal injection 
we can obtain a high intraocular concentration 
of a drug, with minimal systemic exposure.

This tremendous and rapid change indicates a 
significant challenge for ophthalmological units; 
a tidal wave of intraocular injections, re-injec-
tions, and follow-up examinations has to be inte-
grated into daily routine without compromising 
patients’ safety. It is therefore mandatory to main-
tain essential safety standards for all injections 
whilst avoiding unnecessary and costly examina-
tions and safety measures. In order to maximize 

Core Messages

■ Through the introduction of new treat-
ment strategies for exudative age-related 
macular degeneration, the number of 
intravitreal injections has increased dra-
matically over the past few years. It is 
likely that this form of therapy will be-
come the most common surgical inter-
vention in ophthalmology within a short 
period of time.

■ Although severe ocular adverse events 
associated with intraocular injections are 
rare, the rate can increase significantly if 
certain standards for intraocular inter-
ventions are not followed. Several guide-
lines on the technique for intravitreal 
injections have been published in recent 
years. Strict adherence to these guide-
lines is advisable.

■ Endophthalmitis is the most feared 
complication of intravitreal injections. 
It is usually caused by bacterial contami-
nation during or immediately after the 
injection and occurs in about 0.1% of in-
jections and in about 1% of patients with 
repeated injections.

■ Ocular hypertension and cataract devel-
opment are not typically seen after anti-
VEGF therapy.

■ Based on the studies and data currently 
available, no major difference in the risk 
profile of the anti-VEGF drugs used at 
present can be seen.

■ Triamcinolone is associated with a high-
er rate of secondary ocular hypertension 
(40%) and need for glaucoma surgery 
(1%) than anti-VEGF agents. It also has 
a higher rate of cataract progression in 
about 40% of patients within the first 
year of treatment.

Intravitreal Injections: 
Techniques and Sequelae
Heinrich Heimann

5
Chapter 5

 
 

Apotex Exhibit 1032 
Page 3 of 23

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


68 Intravitreal Injections: Techniques and Sequelae

the number of patients that can be treated, the 
workload associated with each patient has to be 
minimized within the treating unit; therefore, it is 
likely that more and more pre- and postoperative 
examinations will be shifted to places outside the 
centers where the injections are performed. In a 
relatively short period of time, ophthalmologists 
and optometrists who are currently not perform-
ing intraocular injections will be confronted with 
a larger number of patients following intravitreal 
injections. In this chapter, the techniques, com-
plications, and guidelines for intravitreal injec-
tions are reviewed. Because of the recent shift in 

the application of intravitreal drugs, the chapter 
focuses on studies of anti-VEGF substances and 
triamcinolone.

5.2 Complications 
of Intravitreal Injections

With an appropriate technique, the intravitreal 
injection of a drug is a straightforward surgi-
cal procedure that carries a low rate of serious 
complications (Table 5.1). Yet, the first published 
multicenter study showed that the disregard 

Table 5.1 Complications of intravitreal injections

Complication Peri-
operative

Early 
(>7 days)

Late 
(>7 days)

Incidence Related to in-
jected substance

Conjunctival 
hemorrhage

X X ~20–40% –

Conjunctival scarring X

Punctate keratitis X X ~30% –

Pain X X ~30%

Traumatic cataract X X X <1% –

Cataract progression X First year:
~15%
~40% (triamcinolone) 

X

Central retinal 
artery occlusion

X X <1% –

Vitreous reflux X X  ~20% –

Vitreous hemorrhage X X X <1% –

Vitreous floaters X X X ~30% X

Intraocular 
inflammation

X X ~20% X

Uveitis/pseudo-
endophthalmitis

X ~1% X

Endophthalmitis X X ~0.15% per injection
~1% per patient with 
multiple injections

X

Retinal detachment X X <1% –

Ocular hypertension X X X Triamcinolone
~40%

X
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of basic standards for intraocular surgery can 
quickly increase the rate of complications to un-
acceptable levels. In the initial stages of the VI-
SION trial, the rates of bacterial endophthalmitis 
were more than 4-fold higher than those after 
routine cataract surgery [8, 14]. Serious adverse 
events occurred in 19% of patients (169 out of 
892), although serious adverse events were also 
noted in 15% of patients (45 out of 298) with 
sham treatment [8]. These figures underline that 
intravitreal injections should be treated as intra-
ocular surgery and conducted according to the 
standards applied to all intraocular procedures, 
e.g., asepsis of the operating field and a sterile 
technique throughout the process. Even with 
the greatest care, complications associated with 
intravitreal injections will never be avoided com-
pletely; however, as demonstrated in the recent 
large prospective trials, in only very few cases 
will these complications lead to a long-term re-
duction in visual acuity or discontinuation of the 
treatment if dealt with in a timely and appropri-
ate fashion [4, 8, 14, 29].

5.2.1 Methodology

In this chapter, the complications associated with 
intraocular injections are reviewed. A methodo-
logical review is flawed by several problems: 
1. The most serious side effects of intravitreal in-

jections (e.g., endophthalmitis, retinal detach-
ment, glaucoma, cataract) are rare following 
anti-VEGF treatment and occur in less than 
1% of injections and in about 1–2% of patients 
undergoing repeated injections. Only ran-
domized prospective trials with large patient 
numbers are able to reflect the true rate of 
complications associated with the drug exam-
ined and the treatment protocol applied. Such 
trials have been published for pegaptanib and 
ranibizumab (Table 5.2) [4, 8, 14, 29].

2. For the two other currently most commonly 
used drugs, bevacizumab and triamcinolone, 
such studies do not exist and it is unlikely that 
this will be the case in the near future.

3. Other important, potentially sight-threaten-
ing complications of injections are intraocular 
inflammation, cataract development, and a 
rise in intraocular pressure (IOP). The exami-

nation methods, time points, and definitions 
for the detection of these complications vary 
from study to study.

4. Different protocols for the performance of in-
travitreal injections have been used. The dif-
ferences in the injection technique (e.g., sub-
conjunctival anesthesia, perioperative drug 
treatment, etc.) can have a significant influ-
ence on the complication rate.

5.2.2 Perioperative Complications

Complications following intravitreal injections 
can be divided according to their occurrence 
into perioperative, early postoperative, and late 
(Table 5.1). Furthermore, complications from 
the intraocular injection procedure itself have to 
be distinguished from possible biological side-ef-
fects of the injected substance.

5.2.2.1 Conjunctival Hemorrhage

Conjunctival hemorrhage is related to the trauma 
caused by manipulations during the injection, 
e.g., forceps or needle injuries. Obviously, when 
subconjunctival anesthesia is used, the need for 
two injections increases the risk of this complica-
tion. In one series, subconjunctival hemorrhages 
could be seen in 18% of patients with intravitreal 
injections and topical anesthesia versus 40% in 
patients with subconjunctival anesthesia [22]. 
Nevertheless, even with topical anesthesia, hem-
orrhage can be seen in up to 37% of patients [7].

In the vast majority of cases, conjunctival 
hemorrhages is more cosmetically disturbing 
than harmful. They clear spontaneously within 
7–14 days and do not require any therapy. Very 
rarely, they can progress to cause significant an-
terior segment problems that require surgical 
intervention. The risk of significant conjunctival 
hemorrhage seems to be increased in patients 
with anticoagulant therapy, e.g., warfarin [15]. 
In contrast to their relative insignificance in the 
majority of cases, conjunctival hemorrhage is of-
ten perceived as a serious side-effect from the pa-
tients’ point of view. Particularly in an outpatient 
setting without a scheduled short-term follow-up 
examination, patients have to be instructed about 

5.2 Complications of Intravitreal Injections 69
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