RISKS OF INTRAVITREOUS INJECTION:
A COMPREHENSIVE REVIEW

RAMA D. JAGER, MD, MBA,* LLOYD PAUL AIELLO, MD, PHD,* SAMIR C. PATEL, MD,t
EMMETT T. CUNNINGHAM, JR., MD, RD, MPH%

Purpose: To evaluate the prevalence of the most common serious adverse events
associated with intravitreous (IVT) injection.

Methods: A systematic search of the literature via PubMed from 1966 to March 1, 2004,
was conducted to identify studies evaluating the safety of IVT injection. Data submitted in New
Drug Applications to the U.S. Food and Drug Administration for drugs administered into the
vitreous were included where available. Serious adverse events reported in each study were
recorded, and risk per eye and risk per injection were calculated for the following serious
adverse events: endophthalmitis, retinal detachment, iritis/uveitis, intraocular hemorrhage,
ocular hypertension, cataract, and hypotony. Rare complications also were noted.

Results: Data from 14,866 IVT injections in 4,382 eyes were analyzed. There were 38
cases of endophthalmitis (including those reported as pseudoendophthalmitis) for a prev-
alence of 0.3% per injection and 0.9% per eye. Excluding cases reported specifically as
pseudoendophthalmitis, the prevalence of endophthalmitis was 0.2% per injection and
0.5% per eye. Retinal detachment, iritis/uveitis, ocular hypertension, cataract, intraocular
hemorrhage, and hypotony were generally associated with IVT injection of specific com-
pounds and were infrequently attributed by the investigators to the injection procedure
itself. Retinal vascular occlusions were described rarely in patients after IVT injection, and
it was unclear in most cases whether these represented true injection-related complica-
tions or chance associations.

Conclusion: The risk of serious adverse events reported after IVT injection is low.
Nevertheless, careful attention to injection technique and appropriate postinjection mon-
itoring are essential because uncommon injection-related complications may be associ-
ated with permanent vision loss.
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ver the last 2 decades, the use of intravitreous diseases, particularly disorders affecting the posterior
(IVT) injection has gained increasing acceptance segment. A highly effective and frequently used
in the therapeutic management of many intraocular means of administering antiviral agents in the treat-
ment of cytomegalovirus (CMV) retinitis, direct in-
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orrhage and acute central retinal vein occlusion. Nee-
dle aspiration of the vitreous—procedurally similar to
IVT injection—is used routinely to biopsy the vitre-
ous. In addition to the long-standing practices of vit-
reous Gram staining, microbial culture, and sensitivity
analysisin the setting of suspected endophthal mitis,1”
vitreous sampling may also be used to obtain DNA for
polymerase chain reaction—based analyses for patients
suspected of having necrotizing herpetic retinitisté—22
or toxoplasmic retinochoroiditis.23

Recent investigations into the treatment of retinal
neovascularization, retinal edema, and posterior seg-
ment inflammation have led to the development of
new biologic and pharmacologic agents that are opti-
mally administered directly into the vitreous. IVT
injection of these compounds is being investigated,
both as a method of achieving vitreous concentrations
beyond those obtainable with systemic administration
and as ameans of avoiding potential systemic adverse
effects. Several of these investigational agents, such as
the therapeutic aptamer oligonucleotide pegaptanib
sodium (Macugen; Eyetech Pharmaceuticals, New
York, NY)24-26 and the monoclona antibody frag-
ment ranibizumab (Lucentis, Genentech, San Fran-
cisco, CA),27:28 gre currently undergoing clinical eval-
uation for the treatment of neovascular age-related
macular degeneration (AMD) and, in the case of pe-
gaptanib sodium, for diabetic macular edema and ret-
ina vein occlusion. In addition, the off-label use of
IVT triamcinolone acetonide (Kenalog; Bristol-Myers
Squibb, New York, NY) injection is under investiga-
tion for a number of disorders, including macular
edema?®30 and retinal neovascularization.31-34

Because the potential advantages of IVT injection
have become more widely appreciated and the number
of possible applications has grown, questions have
arisen regarding risks associated with this route of
administration. Several potential complications of
IVT injection, such as endophthalmitis, retinal detach-
ment, traumatic cataract, and intraocular hemorrhage,
can be vision threatening. A sufficient body of litera-
ture now exists to support a thorough review of the
risks associated with VT injection in managing ocular
diseases. To that end, as background, we present a
brief historical overview of the use of IVT injection in
humans over the last century and a synopsis of re-
cently published studies on the pharmacokinetic prop-
erties of agents administered directly into the vitreous.
We then present the results of a comprehensive, sys-
tematic review of the literature from which we calcu-
lated prevalence estimates for the most common com-
plications associated with IVT injection.

The analyzed reports of IVT injection varied con-
siderably in size, design, and indication, and in most

instances, the reported rates of the various complica-
tions were quite low. Although efforts were made to
distinguish the risks associated with the specific
agents being administered from the risks related to the
IVT injection procedure per se, in some instances,
such distinctions were difficult to make. Together,
these factors limit to some extent the generalizability
of cross-study comparisons and analyses. Despite
these inherent shortcomings, to our knowledge, this re-
view represents the most extensive assessment of the
risks associated with VT injection compiled to date.

A Historical Perspective on the Use of IVT
Injection

IVT injection has been used in the treatment of
human ocular disease for nearly a century. Figure
124.2527,28,34-48 presents a timeline of important ad-
vances in the use of this technique from its earliest
therapeutic application through the present. Although
thistimeline isintended to highlight some of the major
achievementsin the development of VT therapeutics,
it is not meant to be an exhaustive compilation or to
acknowledge the many excellent investigative studies
that served as a foundation for these advances. Ini-
tially reported in 1911 by Ohms3> as a means to intro-
duce air for retinal tamponade and repair of detach-
ment, the IVT administration of pharmaceutical
agents was pioneered in the mid-1940s with the use of
penicillin to treat endophthal mitis.36:37 Unfortunately,
a that time drug administration often was delayed for
days or even weeks after the infection became estab-
lished, making most of these early attempts unsuccessful.
The technique was used infrequently, therefore.

During the 1950s and 1960s, the use of IVT injec-
tion still was limited to the administration of air38 or
silicone 0il3° in the treatment of retinal detachment.
By the 1970s, the advent of newer antimicrobial
agents, combined with the continued poor success of
alternative treatment options, led to renewed interest
in IVT therapy for endophthalmitis. Animal studies
demonstrating the safety of this route of administra-
tion49.50 were followed by the publication of two case
series describing successful treatment of endoph-
thalmitisusing IV T injection in patients.#-41 Although
still considered experimental at that time,5 wider use
of IVT injection to treat endophthalmitis was being
advocated due to the poor treatment outcomes re-
ported with systemic administration of antibiotics,
which generally produced suboptimal drug levels in
the vitreous.>2

The development of 1VT injection for the treatment
of ophthalmic conditions other than endophthalmitis
and retinal detachment lagged even further behind,
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1911 IVT injection of air was first used to promote retinal detachment repair>>

1940 1943-1947 Initial reports describing treatment of endophthalmitis with the use of IVT
antibiotics were published.***’

was reported.®

1952 The use of IVT injection of air to treat retinal detachment in a large series of patients

patients.>

1962 IVT injection of silicone oil to treat retinal detachment was tested in a series of

1970 1976-1978 The first studies were published in which IVT antimicrobial agents were
successful in treating endophthalmitis.

40,41

1980 1982 IVT injection of 5-fluorouracil was tested for postvitrectomy fibroblast
proliferation.”?

1987 IVT ganciclovir was effective in treating cytomegalovirus retinitis in a patient with
acquired immunodeficiency syndrome.*

1990 1991 The first case series evaluating the use of IVT dexamethasone for treatment of
diabetic retinopathy was published.*

1995 Results of a pilot study demonstrating efficacy of IVT injection of triamcinolone
acetonide for treating exudative macular degeneration were published.>*

series of patients.**

1997 IVT injection of methotrexate was effective in treating ocular lymphoma in a small

1998 The U.S. Food and Drug Administration (FDA) approved the use of IVT fomivirsen
for treatment of cytomegalovirus retinitis. *

1999 The first study reporting successful treatment of submacular hemorrhage by IVT
injection of tissue plasminogen activator was published.*’

2000 2002 Data were submitted to the FDA supporting the efficacy and safety of IVT ovine
hyaluronidase in the management of vitreous hemorrhage.*®

2002-2003 Results of trials evaluating IVT injection of pegaptanib sodium for treatment of
age-related macular degeneration were published.?*?

2003 Early results were published from a trial evaluating the IVT administration of
ranibizumab for the treatment of neovascular age-related macular degeneration.

27,28

Fig. 1. A timeline of important advances in the use of intravitreous (IVT) injections to treat human ocular diseases.

perhaps because of perceived risks related to the pro-
cedure and because endophthalmitis and retinal de-
tachment generally have the greatest likelihood for
acute and irreversible vision loss. Although IVT in-
jection of corticosteroids was evaluated in an animal
model of ocular inflammation in the early 1980s,5354
there were no publications describing the use of IVT
corticosteroids in humans until the 1990s. The first
new application for IVT injection was not tried until

1982, when a pilot study assessing the efficacy and
safety of 5-fluorouracil delivered as an IVT injection
for the prevention of postvitrectomy fibroblast prolif-
eration in patients with proliferative retinopathy was
initiated.42 This was followed in 1987 by the use of
IVT ganciclovir sodium (Cytovine; Roche Pharma
ceuticals, Nutley, NJ) in the treatment of CMV reti-
nitis in a patient with acquired immunodeficiency
syndrome.*3
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The gradually increasing confidence in the safety of
IVT injection that emerged as aresult of these studies
led to the evaluation of 1VT administration of a num-
ber of other agents throughout the 1990s. Blanken-
ship** demonstrated in 1991 that dexamethasone was
well tolerated but of no therapeutic value for postvit-
rectomy treatment of diabetic retinopathy. Penfold et
a34 in a pilot study demonstrated that triamcinolone
acetonide, alonger-acting corticosteroid, was well tol-
erated in patients with exudative AMD. Other novel
applications of IVT injection in the 1990s included the
use of methotrexate for treatment of ocular lympho-
ma*> and the injection of TPA for the management of
submacular hemorrhage.4” In 1998, fomivirsen so-
dium (Vitravene; Isis Pharmaceuticals, Carlsbad, CA),
an antisense compound used to treat active CMV
retinitis, was the first compound to be approved spe-
cifically for IVT injection by the U.S. Food and Drug
Administration, representing a milestone achievement
in the use of IVT therapy (Fig. 1).46

The pace of development of new applications for
IVT injection continues to accelerate, with three new
investigational drug products in clinical trias in the
early 2000s. These include the vascular endothelial
growth factor inhibitors ranibizumab?7and pegaptanib
sodium?4-26 for the treatment of neovascular AMD
and ovine hyaluronidase (Vitrase; ISTA Pharmaceuti-
cals, Irvine, CA),* which was recently approved by
the U.S. Food and Drug Administration as a disper-
sion agent for other injected drugs and is still seeking
approval for the treatment of vitreous hemorrhage.5>
The use of IVT injection as a method for localized
adenovirus vector—-mediated gene transfer to treat ret-
initis pigmentosa and AMD is aso being ex-
plored.5657 With numerous novel ophthalmic thera-
pies currently poised to enter into clinical trias, it is
likely that the number of drugs under development for
IVT injection will continue to increase rapidly.

Pharmacokinetic Characteristics of Compounds
Injected Into the Vitreous

Drug concentrations in the vitreous are determined
not only by the amount of drug given but also by the
distribution and clearance of such compounds.®85° As
with other routes of drug administration, pharmacoki-
netic characteristics are dependent on both the ana-
tomical and physiologic features at the site of admin-
istration>8-60 and the physicochemical properties of
the agent administered.61.62 Although several investi-
gators have explored the pharmacokinetic properties
of the IVT injection of selected compounds in animal
models*8-606263 gand to a limited extent in hu-

mans4-66 over the past 2 decades, this topic remains
complex and incompletely understood.

The composition of the vitreous is unique in that it
is a highly hydrated, avascular, gelatinous body con-
taining 98% water. Vitreous structural elements com-
posed of type Il collagen and hyaluronic acid occupy
<1% of the total volume.5! The human eye contains 3
mL to 4 mL of vitreous humor.6” The vitreous can
move during eye motion, particularly in the elderly
who normally have a more liquefied vitreous than
younger individuals.tt By 80 years of age, approxi-
mately one half of the vitreous in most people is
estimated to exist in aliquid state.8 Although little is
known about the effect of age on the disposition of
compounds administered directly into the vitreous,
such age-related changes in vitreous characteristics
merit consideration because many indications for IVT
injection affect elderly patients disproportionately.

Although there is a relative barrier between the
anterior and the posterior segments of the eye, injected
substances move throughout the vitreous fairly readily
by either diffusion or bulk flow. Whereas bulk flow
tends to be the primary means of movement when the
vitreous is formed, when the vitreous body is partly
removed, degenerated, or collapsed, the exchange
movement tends to be due largely to diffusion. Gra-
dients exist in both directions between the vitreous
and plasma. These gradients are a result of severa
mechanisms, including diffusion and bulk flow pro-
cesses within the vitreous body as mentioned above,
the presence of physiologic blood—ocular barriers vis-
a-vis active and passive transport, and metabolism
within the eye itself.6°

Alterations of the normal anatomy and physiology
of the eye and the size of the administered compound
have been demonstrated to be factors that impact the
distribution and elimination of drugs from the vitreous
in animal studies. A history of vitrectomy, aphakia, or
pseudophakia has been shown to increase the rate of
distribution and clearance of amphotericin B, for ex-
ample. Radiolabeled amphotericin B elimination from
aphakic, vitrectomized rabbit eyes occurred in 1.8
days compared with 15.1 days for normal rabbit
eyes.®® A similarly rapid clearance of triamcinolone
acetonide in aphakic, vitrectomized rabbit eyes (6.5
days) compared with clearance from aphakic, nonvit-
rectomized eyes (16.8 days) and normal, phakic, hon-
vitrectomized eyes (41 days) was reported by Schin-
dler et a.%0 In this latter study, high-performance
liquid chromatography was unable to detect the drug
in 5 of 6 normal rabbit eyes at 21 days after IVT
injection. Uptake of triamcinol one acetonide by ocular
tissues is apparently quite slow, because <1% of the
compound was found in the iris ciliary body, lens,
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retina, pigment epithelium, and scleraat 72 hours after
injection.®3

The pharmacokinetic properties of compounds in
the vitreous have been observed to change in the
setting of inflammation or infection, such as endoph-
thalmitis. Using arabbit model, Coco et al58 estimated
that the half-life of vancomycin in normal, uninflamed
eyes was ~62 hours, compared with 14 hours in eyes
in which endophthalmitis had been experimentally
induced by injecting Staphylococcus aureus into the
vitreous, a >4-fold increase. The reverse was true for
plasma concentrations. These data led the investiga-
tors to suggest that the elimination of vancomycin was
enhanced in the setting of inflammation or infection,
most probably due to breakdown of the blood—retina
barrier, which when intact acts to limit drug clearance.8

The size of the administered compound has been
shown to affect the half-life in the vitreous. Full-
length radiolabeled humanized monoclonal antibodies
(molecular weight, ~150 kd) injected into the vitreous
of rhesus macaques were found not to penetrate the
inner limiting membrane of the retina, while Fab an-
tibody fragments (molecular weight, ~50 kd) diffused
through the neural retina to the retinal pigment epi-
thelia layer within 1 hour.62 Consequently, the hdf-life
in the vitreous was 5.6 days for the full-length antibody
and 3.2 days for the Fab antibody fragment.52

Specific pharmacokinetic profiling of compounds
administered into the vitreous in humans has been
limited. Two studies have evaluated the duration of
detectable concentrations of triamcinolone acetonide
in agueous humor samples.465 Neither study at-
tempted to identify the route of elimination of triam-
cinolone acetonide from the eye or the levels of com-
pound that could be achieved in various ocular
compartments after IVT injection. Pharmacokinetic
studies of pegaptanib sodium injected into the vitreous
humor of rhesus monkeys have shown that vitreous
humor and plasma concentrations were linearly re-
lated to the dose administered with a half-life of ~4
days. In addition, pegaptanib sodium sampled from
the vitreous at 28 days was fully active.6”

Recent computer simulations have suggested that
both anterior and posterior routes of elimination may
be important in the clearance of drugs from the vitre-
ous.6t Although the crystalline lens is highly imper-
meable to water and to many drugs, the anterior hya-
loid membrane, which separates the vitreous from the
agueous, isthin and porous, offering little resistance to
diffusion. Because agueous turnover is very rapid,
with a residence time in the eye of ~2.5 hours,5t in
aphakic and pseudophakic patients aqueous clearance
can represent a major route of elimination of com-
pounds injected into the vitreous. In contrast, elimi-

nation by the posterior route is facilitated by active
unidirectional drug transport at the posterior vitreous
surface, as demonstrated by studies in which fluores-
cein movement through the vitreous was monitored.56
The computer model predicts that a relatively small
molecule will be quickly cleared from the vitreous by
absorption through the retina or by release into the
agueous.tt In contrast, a larger molecule would dif-
fuse more slowly, relying on bulk flow to transverse
the vitreous, and clearance will occur primarily
through the retina and not the aqueous.5* Although
these findings are largely hypothetical in the absence
of empirical data, they do suggest that the pharmaco-
kinetic properties of compounds administered into the
vitreous can be complex and influenced by a number
of factors.

Assessment of Complications Associated With the
Use of IVT Injection

M ethods

A systematic review of the literature via PubMed
from 1966 to March 1, 2004, using the search terms
“intravitreous,” “ intravitreal,” and “endophthalmitis’
was conducted to identify studies and case series
reporting the safety of IVT injection. The search was
limited to primary reports published in English. Pub-
lications also were retrieved using the “related arti-
cles’ function of PubMed, and bibliographies from all
articles selected for analysis were reviewed to identify
additional citations. More than 220 references were
reviewed.

Thefollowing types of reports were included: (a) all
randomized, controlled human clinica trials using
IVT injection; (b) prospective or retrospective case
seriesthat included =20 eyes, and (c) safety datafrom
U.S. Food and Drug Administration New Drug Ap-
plications for compounds not yet approved for use in
the United States where adverse eventsrelated to IVT
injection were reported. The following types were
excluded: (a) reports in which compounds were ad-
ministered into the vitreous through sclerotomy inci-
sions during vitrectomy; (b) reports in which com-
pounds were administered by IVT injection in
conjunction with other ocular procedures, such as
scleral buckling or vitrectomy; (c) reports in which
IVT injections were administered in eyes as a treat-
ment for endophthalmitis; and (d) reports that, in the
opinion of the authors, lacked relevant data, provided
data of unacceptable quality, or duplicated data sets
found in more-comprehensive publications. There
were no exclusions based on the length of the fol-
low-up period.
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The following information was extracted from each
report: (a) information on study design; (b) indication
for IVT injection; (c) description, dose, and volume of
substance injected; (d) injection procedure and any
preinjection preparation, such as the use of topical
antibiotics, (€) number of eyes in which IVT injec-
tions were administered; (f) total number of injections
administered; (g) any complications or serious adverse
events noted; and (h) duration of follow-up. The rate,
or prevalence, of seven serious adverse events—en-
dophthalmitis, retinal detachment, iritis'uveitis, in-
traocular hemorrhage, ocular hypertension, cataract,
and hypotony—was recorded. Both prevalence per
eye and prevalence per injection were then calcul ated.
Other rare, but potentially serious, adverse events
deemed by the reviewersto be possibly related to IVT
injection also were noted.

Results

Publications identified via the literature search on
IVT injection that met the study criteriaoutlined under
Methods are summarized in Table 1,1-810.11.70 Tghle
2129—34,71—73and Tab|e 3112—16,25,48,74—76 and reSUItS Of
combined analyses are presented in Table 4. CMV
retinitis in patients with acquired immunodeficiency
syndrome was the indication that yielded the greatest
number of publications analyzed, with a total of 10
(Table1). Theantiviral compounds cidofovir (Vistide;
Gilead Sciences, Foster City, CA),*-7 ganciclovir
(with or without intravenous foscarnet sodium [Fos-
cavir; AstraZeneca Pharmaceuticals, Wilmington,
DE]),2-31011 and fomivirsen®7° were used in 909
eyes. There were no reports describing IVT adminis-
tration of foscarnet sodium aone with sufficient num-
bers of eyes to meet the inclusion criteria for this
review. Treatment of CMV retinitis entailed adminis-
tering multiple IVT injections, usually once every
week or every other week for extended periods, re-
sulting in both the greatest number of total injections
(n = 10,839) and the greatest number of injections per
eye. It should be noted, however, that patients with
CMYV retinitis are at greatly increased risk for retinal
detachment due to the presence of large areas of
retinal necrosis. Whether acquired immunodeficiency
syndrome—associated immunosuppression per se pre-
disposes human immunodeficiency virus—positive pa-
tients to procedure-related bacterial infections is
largely unknown.

Another common use for IVT therapy was triam-
cinolone acetonide in the off-label treatment of retinal
neovascularization2931-34 and macular edema,29.71-73
with nine publications reporting treatment complica-
tions. These included three prospective studies,31.33.34

two case series,30:32 and four retrospective chart re-
views (Table 2).2271-73 |n these reports, a total of
1,703 eyes received 1,739 injections of triamcinolone
acetonide. The three largest retrospective chart re-
views were conducted specifically to investigate the
prevalence of endophthalmitis and provided informa-
tion on 1,442 eyes and 1,466 injections.”-73

The remaining published prospective studies and
case series covered the use of IVT injection for a
spectrum of indications (Table 3), including IVT in-
jection of gas during pneumatic retinopexy to treat
retinal detachment,12-14.74.75 |VT injection of hyal-
uronidase*® and TPA15 for vitreous hemorrhage and
submacular hemorrhage, respectively, IVT injection
of TPA for retinal vein occlusion,® IVT injection of a
vascular endothelial growth factor—blocking agent for
choroidal neovascularization in patients with neovas-
cular AMD,25 and IVT injection of methotrexate to
treat ocular lymphoma.76

Sufficient data were available from the literature
search to estimate individually the prevalence of com-
plications associated with IVT injection of antiviral
compounds and triamcinolone acetonide, while data
for all other indications for IVT injection were
grouped together. Complications considered the most
serious and thereby warranting specific scrutiny in-
cluded endophthalmitis, retinal detachment, iritis/
uveitis, ocular hypertension, intraocular hemorrhage,
cataract, and hypotony. Whenever possible, complica-
tions caused by the IVT injection procedure were
distinguished from those attributable to the condition
being treated or those related to the administration of
specific therapeutic compounds. The following sec-
tion provides an estimation of the prevalence of each
complication and includes a brief discussion of each
complication within the context of overall risk of IVT
injection.
Endophthal mitis

Reports of endophthalmitis associated with admin-
istration of antiviral agents. The prevalence of en-
dophthalmitis in eyes with CMV retinitis treated with
IVT therapy was estimated from the studies listed in
Table 1 to be 1.3% (12/909) per eye and 0.1% (12/
10,839) per injection. In the largest clinical trial re-
viewed, two cases of endophthal mitis were reported in
association with 1,791 IVT injections of fomivirsenin
330 eyes.8 In the second largest trial reviewed, a case
series involving 156 eyes and 2,890 IVT injections of
ganciclovir, endophthalmitis was diagnosed in four
eyes, two of which were lost to total retinal necrosis.t
Microbial culture results were not presented in either
report. Two other series involving patients receiving
IVT ganciclovir also identified cases of endophthal mi-
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Table 4. Compilation of Prevalence Data From Tables 1, 2, and 3*

Prevalence Calculation EO RD /U HE OH CT HP
Studies involving antiviral compounds?-8. 10, 11. 70
Prevalence per eye (%) 1.3 5.9 19.7 2.6 5.9 4.8 3.1
Prevalence per injection (%) 0.1 0.5 1.7 0.2 0.5 0.4 0.3
Studies involving triamcinolone acetonide29-34. 71-73
Prevalence per eye (%) 1.4 0 0 0 38.3 9.9t 0
Prevalence per injection (%) 1.4 0 0 0 36.6 9.9t 0
Studies involving other indications'2-16. 25, 48, 74-76
Prevalence per eye (%) 0.1 3.5 37.3 8.6 0.6 10.5 0.3
Prevalence per injection (%) 0.1 2.7 28.8 6.6 0.5 8.1 0.2
All indications combined
Total number of events 38 116 839 176 165 243 33
Eyes evaluated for event 4,382 2,940 2,940 2,940 2,940 2,760 2,940
Injections evaluated for event 14,866 13,400 13,400 13,400 13,400 13,208 13,400
Prevalence per eye (%) 0.9 3.9 28.5 6.0 5.6 8.8 1.1
Prevalence per injection (%) 0.3 0.9 6.3 1.3 1.2 1.8 0.3
Excluding confounding data
EO prevalence per eye (%), excluding cases of
noninfectious EOQ/pseudo-EO72 73 (gvents = 24) 0.5
EO prevalence per injection (%), excluding cases of
noninfectious EQ/pseudo-EOQ72 73 (gvents = 24) 0.2
I/U prevalence per eye (%), excluding studies
involving cidofovir,4-7 fomivirsen,”® ovine
hyaluronidase*® (eyes = 1,069; events = 10)f 0.9
I/U prevalence per injection (%), excluding
studies involving cidofovir,4-7 fomivirsen,”0
ovine hyaluronidase?® (injections = 9,768;
events = 10): 0.1

* Blank spaces indicate no events reported.
T Calculation based on phakic eyes only.

I Excludes the EO prevalence studies that did not report other adverse events.”1-73
EO, endophthalmitis; RD, retinal detachment; I/U, iritis/uveitis/vitritis/anterior chamber inflammation; HE, hemorrhage; OH, ocular

hypertension; CT, cataract; HP, hypotony.

tis. 1011 These included three cases (2, coagulase-neg-
ative Saphylococcus; 1, culture negative) resulting
from 1,583 injections in 74 eyes in one series'© and
one case of bilateral Saphylococcus epidermidis en-
dophthalmitis after 341 IVT injectionsin 31 eyesin an
earlier series by the same investigator.1* A study in
which 57 eyes received 3,027 IVT injections of gan-
ciclovir reported one case of S epidermidis endoph-
thalmitis that was effectively treated (restoring vision
to preinjection levels) with antibiotics and vitrec-
tomy.3 Endogenous endophthal mitis related to an in-
dwelling catheter was suspected in one eye in a case
series of 246 IVT injections of cidofovir administered
in 93 eyes.” Another case seriesinvolving 53 eyes and
168 injections of cidofovir reported endogenous en-
dophthalmitis believed to be unrelated to the IVT
injection in 1 eye.> The organisms were not identified
in either of these reports. These two cases of presumed
endogenous endophthalmitis are not reported in Table
1 and were not included in the combined analysis for
injection-related endophthalmitis.

Reports of endophthalmitis associated with the off-
label administration of triamcinolone acetonide.
From the studies and case series presented in Table 2,
the estimated prevalence of endophthalmitis after IVT
administration of triamcinolone acetonide was 1.4%
(24/1,703) per eye and 1.4% (24/1,739) per injection,
including suspected cases of “noninfectious’ endoph-
thalmitis, “sterile” endophthalmitis, or “pseudoen-
dophthalmitis’ as designated by the authors of each
report. Excluding cases specifically reported as “non-
infectious,” “ sterile,” or “pseudoendophthalmitis,” the
prevalence was 0.6% (10/1,703) per eye and 0.6%
(10/1,739) per injection. The review of 6 prospective
studies and case series evauating the use of IVT
triamcinolone acetonide found no reports of endoph-
thalmitis after the administration of 273 injections in
261 eyes.2-34 |n contrast, three large recently pub-
lished retrospective studies identified 24 cases of en-
dophthalmitis in 1,442 eyes treated with 1,466 injec-
tions of triamcinolone acetonide.”=73 Only 10 (42%)
of the 24 cases were culture positive. Two eyes were
infected with S epidermidis in one study,”?2 while

Samsung Bioepis Exhibit 1054 Page 10
Biocon Exhibit 1054 Page 10



686 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ¢ 2004 « VOLUME 24 « NUMBER 5

eight eyes in another study were infected with various
organisms (2, coagulase-negative Saphylococcus; 2,
Streptococcus parasanguis, 1, Streptobacillus;, 1,
Streptococcus intermedius; 1, Mycobacterium chelo-
nae; and 1, unidentified intracellular gram-positive
cocci).”t

All of the 14 culture-negative cases of endoph-
thalmitis in patients receiving IV T triamcinolone ace-
tonide occurred in two studies and were attributed by
the authors to “noninfectious’ endophthalmitis or
“pseudoendophthalmitis.” 7273 In one of these stud-
ies,”3 seven eyes described by the authors as having
“noninfectious’” endophthalmitis or “pseudoendoph-
thalmitis” developed acute, painless loss of vision
within 2 days of the injection. Extensive inflammation
with anterior chamber cell and flare and posterior
segment vitritis ensued, and hypopyon was present in
four of the eyes. Six of these eyes were treated for
presumed infectious endophthalmitis despite negative
microbial cultures. Culture for an additional eye with
asimilar presentation was not performed, and this eye
recovered after conservative treatment with topical
corticosteroids. The occurrence of these cases within a
5-week time frame suggested that the causative agent
was a toxic contaminant of the medication. After
replacement of the existing stock of triamcinolone
acetonide injection with new vials, no additional cases
were reported.” In the second study,”? the authors
described seven eyes of six patients as having sus-
pected “noninfectious’ endophthalmitis or “pseudoen-
dophthalmitis,” characterized by hypopyon and a de-
crease in visua acuity, within 2 days after IVT
injection of triamcinolone acetonide. Microbial cul-
tures were not performed, and the hypopyon and vi-
sual acuity resolved without intervention. One patient
with no lens capsule separating the anterior and pos-
terior segment was noted to have steroid particles in
the anterior chamber 30 minutes after injection. The
authors suggested that this case was an example of
“pseudoendophthalmitis.” In other patients, triamcin-
olone particles were difficult to differentiate from
inflammatory cells. Another recent case report de-
scribed the occurrence of an “endophthalmitislike”
reaction in four eyes after IVT injection of triamcin-
olone acetonide.”” The findings of the one microbial
culture were negative, and al four cases spontane-
ously resolved without antibiotic therapy. These eyes
lacked pain and swelling and did not have extensive
anterior or posterior segment inflammation as in some
of the cases described above.”

Endophthalmitis manifests as severe inflammation
usually after ocular trauma or surgery or in the setting
of a known endogenous source for infection. The
publications analyzed in this report have characterized

endophthalmitis by a variety of terms, such as “infec-
tious,” “noninfectious,” “sterile,” *“ pseudoendoph-
thalmitis,” and “endophthalmitislike.” Unfortunately,
some of these terms have been used inconsistently and
sometimes interchangeably, leading to difficulty in
data interpretation. Because of such inconsistent ter-
minology, the cases for which authors have used the
terms “noninfectious,” “ sterile,” “ endophthalmitis-
like,” and *“pseudoendophthalmitis” were grouped
separately in our analysis from those that were desig-
nated by the authors as “infectious.”

Defining and distinguishing between these terms
will be essentia for accurate future data interpretation.
Use of the term “pseudoendophthal mitis” is suggested
for cases where the injected agent, such as triamcin-
olone acetonide, creates the appearance of inflamma
tion without actually producing inflammation, as can
occur when triamcinolone acetonide crystals migrate
from the vitreous to the anterior chamber and layer to
form a pseudohypopyon. In contrast to pseudoendoph-
thalmitis, the terms “noninfectious’ endophthal mitis
and “sterile” endophthalmitis should be reserved for
cases of true inflammation as aresult of IVT injection
and not from an infectious process.

It isimportant to note that culture-negative endoph-
thalmitis does not necessarily imply sterile or nonin-
fectious endophthalmitis, because infectious endoph-
thalmitis after IVT injection can often be culture
negative. A post hoc analysis of visual outcomes after
endophthalmitis treatment discussed in detail in Table
578-88 determined that 69% of al endophthalmitis
cases reported were culture positive. These rates are
similar to those found in the Endophthalmitis Vitrec-
tomy Study,” in which ~70% of cases were culture
positive with an additional 13% having equivocal
results and 18% having no growth. Distinguishing
culture-negative cases of infectious endophthalmitis
from sterile and noninfectious endophthalmitis can be
difficult. In those cases associated with the IVT ad-
ministration of triamcinolone acetonide, however, the
fact that the clinical manifestations resolved without
antibiotic treatment supports the notion that at least
some of these cases resulted from sterile inflammation
or misinterpretation of anterior chamber corticosteroid
crystals as inflammation.

Reports of endophthalmitis associated with the ad-
ministration of other therapeutic agents. Endoph-
thalmitis was reported very rarely after IVT injection
of gas or compounds other than antiviral agents and
triamcinolone acetonide, with a combined prevalence
of 0.1% (2/1,770) per eye and 0.1% (2/2,288) per
injection for all other compounds (Table 3). These two
cases occurred in different settings, consistent with the
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notion that endophthalmitis is a rare, sporadic event.
One case of culture-negative endophthalmitis oc-
curred after a series of multiple IVT injections (mean,
19 injections per eye) of methotrexate administered to
26 eyes as therapy for ocular lymphoma.”¢ IVT injec-
tion of sulfur hexafluoride or perfluoropropane gas for
retinal detachment in 103 eyes was associated with a
single case of S epidermidis endophthalmitis.’* The
authors of thislatter report suggested that the infection
was most likely due to the inadvertent use of a sub-
optimal concentration of povidone—iodine in the pre-
operative procedure.

Overall prevalence of endophthalmitis after 1VT
injection. Table 4 details the prevalence estimates of
endophthalmitis per eye and per injection from studies
involving IVT injection of antivirals, triamcinolone
acetonide, and all other compounds. Overall, the prev-
alence of endophthalmitis, including those cases re-
ported as noninfectious or pseudoendophthamitis,
was 0.9% (38/4,382) per eye and 0.3% (38/14,866)
per injection. Excluding cases reported as noninfec-
tious, sterile, or pseudoendophthalmitis, the overall
prevalence was 0.5% (24/4,382) per eye and 0.2%
(24/14,866) per injection. The prevalence of endoph-
thalmitis per eye associated with the administration of
different compounds was 1.3% (12/909) for antivirals,
0.6% (10/1,703) for triamcinolone acetonide exclud-
ing cases of noninfectious endophthalmitis or
pseudoendophthalmitis, and 0.1% for all other agents
analyzed. On a per-injection basis, the prevalence was
0.1% (12/10,839) for antivirals, 0.6% (10/1,739) for
triamcinolone acetonide excluding cases of noninfec-
tious endophthalmitis or pseudoendophthalmitis, and
0.1% for all other indications. The higher prevalence
of endophthalmitis per eye observed with IVT antivi-
ral administration compared with the rates reported
with other agents was undoubtedly related to the re-
quirement in patients with CMV  retinitis for once
weekly to twice monthly injections to control the

disease.The risk of developing endophthalmitis after a
single IVT injection appears to be similar to risks
reported for other intraocular procedures. A study of
endophthalmitis after various surgical procedures in
the United States reported the following rates for
endophthalmitis: cataract extraction, 0.04%; glaucoma
surgery, 0.2%; penetrating keratoplasty, 0.08%; pars
plana vitrectomy, 0.03%; and secondary intraocular
lens placement, 0.2%.78 The prevalence of endoph-
thalmitis after cataract removal surgery in a Canadian
study was 0.22% for extracapsular cataract extractions
and 0.3% for phacoemulsification.8® The prevalence
of endophthalmitis after cataract surgery for an Aus-
tralian population remained fairly constant at 0.2%

over a period spanning nearly 2 decades®® and was
similar to rates reported in Norway (0.16%)83 and
Sweden (0.26%).%0

Endophthal mitis after procedures that involve pen-
etration of the globe is generaly attributed to the
inoculation of normal flora present on the ocular sur-
face and adnexa.?2-94 Certain conditions have been
suggested to be associated with increased risk of de-
veloping endophthalmitis after surgical procedures,
including preexisting ocular infectious and inflamma:
tory conditions, contact lens wear, host immunosup-
pression, diabetes mellitus, and upper respiratory tract
infections.91-94 A study seeking to identify risk factors
for developing endophthalmitis in patients receiving
IVT injection of corticosteroids’ reported a history of
non—insulin-dependent diabetes mellitus (n = 5), ob-
taining the IVT injection agent from a multiple-use
via (n = 2), a history of filtering blebs (n = 1), and
a history of blepharitis (n = 1) as possible predispos-
ing factors in these patients. None of these purported
risk factors has been studied in arigorously controlled
clinical trial, however.

Outcomes after treatment of endophthalmitis. Un-
less treated effectively, endophthalmitis can rapidly
lead to severe vision loss or blindness. To provide a
risk estimate for a patient developing these extreme
outcomes, apost hoc literature analysis was conducted
using the search term “endophthalmitis.” Inclusion
was limited to primary reports published in English.
Studies that reported visual acuity stratified according
to levels of severity after treatment for endophthal mi-
tis were identified. Studies for which visual acuity
data or numbers of eyesfollowed were not extractable
were excluded.

The search yielded 13 reports (12 chart reviews and
1 prospective clinical trial) published between 1982
and 2004 (Table 5), of which eight were restricted to
postsurgical endophthalmitis,”8.79.81.83.84.86-88 The re-
maining studies included posttraumatic and endoge-
nous endophthalmitis in addition to postsurgical en-
dophthalmitis.80.82859596 For the purposes of this
analysis, the results of best-corrected visual acuity
measurements were segregated into four categories
based on the severity of impairment: mild (20/20 to
20/50); moderate (20/60 to 20/200); severe (20/400 to
light perception only); and no light perception (NLP).
Best-corrected visual acuity measurements presented
by afew authors were categorized or reported slightly
differently than specified herein. In these instances,
data were listed in the most similar category. Thus,
this analysis, while useful, provides only an approxi-
mation of visual outcomes after treatment of endoph-
thalmitis. Where reported, data were also collected on
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the percentage of eyesthat progressed to NLP or were
lost to enucleation, evisceration, or phthisis.

Visual outcomes after treatment of endophthal mitis
varied widely. The percentage of eyes progressing to
NLP in these reports ranged from a low of 5% of
patients in the Endophthalmitis Vitrectomy Study?”® to
57% of patients in a 1992 chart review by Hassan et
al.80 The percentage of eyes lost from enucleation,
evisceration, and phthisis ranged from none in six
reports’8:81.83.84.87.88 tg 23% in the 1992 review.8° To
gain a clearer perspective of expected outcomes, the
sample-size weighted mean percentages were calcu-
lated for each of the best-corrected visual acuity cat-
egories. Two studies®®ss did not stratify visual out-
comes for eyes with residua vision but provided
percentages of eyes with NLP and loss of eye. There-
fore, data from these studies were included in the
calculations for NLP and loss of eye (with data for
1,119 eyes) but not for the other best-corrected visual
acuity categories (with data for 967 eyes). In this
analysis, the percentages of eyes in each category
were as follows. 20/20 to 20/50, 44.6% (431/967
eyes); 20/60 to 20/200, 19.4% (188/967 eyes); 20/400
to light perception, 22.8% (220/967 eyes); and NLP,
14.8% (166/1,119 eyes). Of note, these totals exceed
100% slightly due to rounding of data. The percentage
of eyes lost to enucleation, evisceration, and phthisis
was 4.7% (53/1,119). Despite the wide range of visual
outcomes after treatment of endophthamitis, micro-
bial isolation results were very similar across the
reports, with both rates of microbial isolation (range,
54% to 100%) and organisms identified (S. epidermi-
dis was the most frequently isolated organism) vary-
ing little between studies (Table 5). Thus, the disparity
in outcomes reported among studiesis not likely to be
solely attributed to differences in the virulence of the
infectious agent.

The preceding information describing outcomes af-
ter treatment of predominantly postsurgical endoph-
thalmitisis provided to approximate the outcomes that
might occur after treatment of endophthalmitis subse-
quent to IVT injection. Reports of endophthalmitis
after IVT injection are so sporadic that very little
information is available with which to compile a sep-
arate assessment for visual outcomes. Combining all
indications, only 24 reports of endophthalmitis after
IVT injection (excluding events reported as noninfec-
tious endophthalmitis or pseudoendophthalmitis) were
identified. There was no report of outcomes for four of
these eyes.814.70.76 Five eyes (21%) were described
only as having recovered their vision,1310 while vi-
sion was reported as lost or characterized as having a
poor outcome in five eyes (21%).1.10.11 One of these
eyes resolved with treatment but progressed to retinal

detachment after IVT injection of cidofovir.20 Of 10
eyes for which visual acuity data were reported after
treatment,”%72 none had a visual acuity of 2/20 to 2/50,
3 (30%) had avisual acuity of 20/60 to 20/200, and 7
(70%) had a visua acuity of 20/400 to light percep-
tion. None were described as having NLP. No eyes
were described as lost to enucleation, evisceration, or
phthisis in these studies.

Retinal detachment

Retinal detachment was uncommon after IVT in-
jection, with an overall prevalence of 3.9% per eye
and 0.9% per injection (Table 4). The cases identified
by this review appeared to be largely related to the
underlying retinal condition, principally CMV retinitis
and vitreous hemorrhage in the setting of diabetic
retinopathy, and were only rarely related to IVT in-
jection for other indications. Combining data from
reports listed in Table 1, retinal detachment occurred
in 5.9% (54/909) of eyes (0.5% [54/10,839] per injec-
tion) with CMV retinitisthat received IV T injection of
antiviral compounds. In one case series,” 10% of pa-
tients devel oped retinal detachment 7 to 130 days after
IVT injection of cidofovir. The postinjection delay in
the development of retinal detachment in this popula-
tion led the authors to conclude that the complication
was secondary to destruction of the retina by the CMV
infection and was not a result of the IVT injection
itself.” Retinal detachment also was described in 4.6%
(62/1,344) of eyes treated with IVT ovine hyaluroni-
dase for vitreous hemorrhage (Table 3).48 Patients
with vitreous hemorrhage are already at increased risk
of retinal detachment,®” however, suggesting that the
high prevalence of retinal detachment reported with
the administration of ovine hyaluronidase may be a
sequela of the underlying pathologic condition in eyes
with vitreous hemorrhage rather than a result of the
IVT injection itself.

[ritis/uveitis

The overall prevalence of intraocular inflammation
(categorized in the analysis as iritis/uveitis but includ-
ing any eventsin the reports described asiritis, uveitis,
vitritis, and/or anterior chamber inflammation) was
28.5% (839/2,940) per eye and 6.3% (839/13,400) per
injection (Table 4). An uncommon complication of
IVT injection in general, iritiSuveitis was reported
most frequently after administration of cidofovir, fo-
mivirsen, and ovine hyaluronidase (Table 1). Intraoc-
ular inflammatory reactions were observed in 26.9%
(53/197) of eyes with CMV retinitis treated with IVT
cidofovir4=7 and in 38.2% (126/330) of eyes treated
with IVT fomivirsen.” In one of these reports,” there
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was aso a high prevalence of intraocular inflamma-
tory reactions in the fellow (untreated) eyes of some
patients, many of whom previously had been treated
with systemic antiviral agents. Moreover, acute in-
traocular inflammation has been reported to occur
after intravenous administration of cidofovir.%8 Taken
together, these findings suggest that the occurrence of
noninfectious intraocular inflammation in patients re-
ceiving IVT cidofovir is most probably a consequence
of the therapeutic agent itself and not the IVT injec-
tion. Another confounding factor in identifying the
cause of intraocular inflammation in patients receiving
cidofovir is that immune recovery uveitis is common
in patients with CMV retinitis who are receiving sys-
temic antiviral therapies and may be difficult to dis-
tinguish from uveitis related to the IVT injection. 9100
Of note, iritis'uveitis was not reported by investigators
who used IVT ganciclovirt210.11 gone or in combi-
nation with intravenous foscarnet. The prevalence of
intraocular inflammation calculated without inclusion
of the events associated with the use of cidofovir,
fomivirsen, and ovine hyaluronidase was 0.9% (10/
1,069) per eye and 0.1% (10/9,768) per injection.

Iritis'uveitis was most commonly described in pa-
tients receiving IVT injection of ovine hyaluronidase
for the treatment of vitreous hemorrhage#® with
48.4% (650/1,344) of eyes being affected (Table 3).
The high prevalence of inflammation among these
patients strongly suggests that the ovine compound,
not the IVT injection procedure, was the causative
factor. For this reason, the prevalence of intraocular
inflammation was calculated with and without inclu-
sion of the ovine hyaluronidase study findings (Table
3). Aside from experiences with ovine hyaluronidase,
“mild uveitis’ was described in one patient who un-
derwent pneumatic retinopexy,# while mild anterior
chamber inflammation was observed in seven patients
recelving pegaptanib sodium (Table 3).25

Ocular hypertension.—Increases in intraocular pres-
sure (IOP) after IVT injection may be transient or
sustained. Although transient 10P responses to IVT
injection were described inconsistently in many re-
ports, sustained ocular hypertension was associated
primarily with the administration of triamcinolone
acetonide, affecting 38.3% (100/261) of eyes (Table
2). The high prevalence of ocular hypertension after
IVT injection of triamcinolone acetonide was not sur-
prising because ocular hypertension also occurs com-
monly after systemic and topical corticosteroid ther-
apy, and in general, treatment with topical ocular
hypertensive agents for severa months was sufficient
to restore IOP to normal in the affected eyes.29.101
Excluding IVT injection of triamcinolone acetonide,

the prevalence of ocular hypertension was 2.4% (65/
2,679) per eye and 0.4% (65/13,127) per injection,
with most (n = 54) of these events having been
reported in association with fomivirsen.s.70

Transiently elevated 10P, in contrast, is common
and may occur after IVT administration of any agent.
Although most studies made no mention of transient
ocular hypertension, such data were available in se-
lected studies (Table 3), including 4.7% (2/43) of eyes
receiving IVT expansible gas and TPA> and 4.8%
(1/21) of eyes receiving pegaptanib sodium.2> One
case (1%) of transient “malignant glaucoma” devel-
oped in 103 eyes injected with perfluoropropane gas
after pneumatic retinopexy.14

Because transient increases in IOP may cause mild
discomfort and can be associated in rare instances
with irreversible damage to retinal ganglion cells
and/or retinal vascular occlusion,® many investigators
reported using prophylactic and/or therapeutic mea-
sures to prevent increases in |OP after IVT injection.
These have included the use of agueous paracente-
Sis,513.1516,29,32,71,75 prepperative treatment with pres-
sure-lowering agents,23334.75 gnd digital massage or
the use of a Honan 10P reducer.13:33.75

Intraocular hemorrhage

Intraocular hemorrhage (i.e., retinal hemorrhage,
vitreous hemorrhage, or hyphema) was reported occa-
sionally after IVT injection, and although the etiology
was unclear, in most instances, it was probably attrib-
utable to the underlying pathologic condition for
which the injection was administered and not the IVT
injection procedure per se. Several cases of intraocular
hemorrhages were described after 1VT injection in
patients receiving therapy for intraocular hemorrhage
(Table 3). For example, three cases of mild break-
through hemorrhage were described in three eyes
(7.0%) that were administered IVT injections of TPA
to treat submacular hemorrhage.’®> Similarly, 143
cases of intraocular hemorrhage (123, vitreous; 3,
retinal; and 17, hyphema) (10.6%) occurred in 1,344
eyes receiving IVT ovine hyaluronidase to treat vitre-
ous hemorrhage. Two cases of intraocular hemorrhage
(8.1%) were described in 64 eyes treated with IVT
ganciclovir in patients who were severely thrombocy-
topenic at the time of the procedure (Table 1).2 In-
traocular hemorrhage also occurred in 21 (20, retinal
hemorrhage; and 1, hyphema) (6.4%) of 330 eyes after
administration of VT fomivirsen.”® Three case of
intraocular hemorrhage (1, vitreous; 1, subretinal; and
1, hyphema) (2.9%) were described in 103 eyes un-
dergoing pneumatic retinopexy,* and two cases of
vitreous hemorrhage (7.7%) occurred in 26 eyes re-
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ceiving IVT methotrexate for intraocular lymphoma
(Table 3).7¢ The overdl prevalence of intraocular
hemorrhage reported with IVT injection was 6.0%
(176/2,940) per eye and 1.3% (176/13,400) per injec-
tion (Table 4).

Cataract

Cataract development and/or progression has been
reported rarely after IVT injection, with the exception
of eyes treated with triamcinolone acetonide, fomi-
virsen, cidofovir, and methotrexate. The greatest num-
ber of studies reporting cataract were those evaluating
the off-label use of IVT injection of triamcinolone
acetonide, with a prevalence of 9.9% (8/81) per eye
when the analysis was restricted to phakic eyes (Table
2). This analysisis very limited in that not all studies
reported the number of phakic eyes. Moreover, two
case series by Jonas et al30-32 were excluded from this
prevalence estimate because cataract progression was
reported as mean cataract index. In one seriesin which
data were reported for 48 phakic eyes receiving IVT
triamcinolone acetonide, the degree of cataract in-
creased significantly in al layers of the lens examined
(mean posterior subcapsular cataract index increased
from 0.15 to 0.77 relative units, mean cortical cataract
index increased from 1.38 to 1.79 relative units, and
mean nuclear sclerosis cataract index increased from
1.48 to 1.98 relative units) in eyes receiving IVT
triamcinolone injections.32 In the other seriesin which
data were reported for 18 phakic eyes aso receiving
IVT triamcinolone acetonide, the degree of lens opaci-
fication increased dlightly, but the change was not
statistically significant.3° Overall, patients receiving
triamcinolone acetonide in these studies were fol-
lowed up for 30 to 587 days (average, 350 days).

The findings of two studies suggest that the preva-
lence of cataract in eyes receiving IVT injections of
triamcinolone acetonide increases when patients are
followed up for longer periods.102103 [n an 18-month
follow-upt®3 of an earlier study3* in which patients
received IVT injection of 4 mg of triamcinolone ace-
tonide for treatment of AMD with choroidal neovas-
cularization, 30 eyes of 28 patients were evaluated
after a minimum of 18 months. Three (75%) of four
patients receiving two injections had rapid progression
of cataracts within 2 months and underwent cataract
surgery within one year. Of eyes receiving a single
injection, 1 (3%) had progression of cataract resulting
in severe visual loss and six (22%) had progression of
nuclear sclerosis necessitating cataract surgery after
18 to 24 months.193 Gillies et al1%2 provided longer-
term follow-up of a study population who received
IVT injection of 4 mg of triamcinolone acetonide for

treatment of AMD with choroidal neovasculariza-
tion.33 Of the original 75 eyes receiving injections, 16
(28.6%) of 56 eyes followed up for at least 12 months
underwent cataract surgery, compared with 2 (5%) of
40 eyes in the placebo group. Of those patients eval-
uated at 24 months, eight (24.2%) of 33 developed
cataract progression by two or more Age-Related Eye
Disease Study grades, compared with none of 22
placebo-treated eyes (P = 0.02).192 Tornambe et al104
reported that after 2 years, 19% of the 53 phakic eyes
(of the original 103) that underwent pneumatic reti-
nopexy had cataract progression, with two eyes hav-
ing cataract surgery after 2 years. This rate of cataract
progression appeared to be lower than that for a sim-
ilar group of patients who were treated with scleral
buckling, suggesting that pneumatic retinopexy did
not increase the risk of cataract in this study.

Cataract was also common in eyes treated with IVT
antiviral agents, with a prevalence of 4.8% (44/909)
per eye and 0.4% (44/10,839) per injection (Table 1).
Most of these cases were reported after 1VT fomi-
virsen administration in a single study.”® Overall, pa-
tient follow-up in studies reporting cataract ranged
from 1 day to 924 days.

Similarly, IVT methotrexate administration was as-
sociated with an increased prevalence of cataract. A
case seriesinvolving 494 IV T injections of methotrex-
ate in 26 eyes described cataract progression in 19
eyes (73%) (Table 3) when followed for 180 to 1,050
days.”® It was not described whether these were newly
formed or existing cataracts, however, 12 of these
eyes had undergone vitrectomy before initial 1VT
methotrexate therapy, and four additional eyes under-
went vitrectomy before a repeated course of IVT
chemotherapy. Cataract is a recognized complication
of vitrectomy, and thus the significance of cataract
progression in these eyes is unclear. These eyes were
therefore neither recorded in Table 3 nor included in
calculating the prevalence of cataract after IVT injec-
tion. A high prevalence of cataract (185/1,344 or
13.8%) also was reported after VT injection of ovine
hyaluronidase*® in the U.S. Food and Drug Adminis-
tration Integrated Summary of Safety, which listed
cataract in severa different categories that may not
have been mutually exclusive (68 reports of subcap-
sular cataract, 60 reports of nuclear cataract, and 57
reports of cortical cataract). Patientsin this study were
followed up for a mean of 335.4 days (range, 1 to
1,412 days). Events categorized as “posterior capsule
opacification” and “lenticular opacities” aso may
have represented cataract. Due to difficulties in inter-
preting the results of this report and the unusually high
prevalence of cataract in this study, the overall prev-
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Comments
If central retinal artery perfusion
not observed in 1 min, anterior

chamber paracentesis
performed; probenecid at 3 h

before and 2 and 8 h after

operation
performed; in some cases, a

second paracentesis was

Anterior chamber paracentesis
performed as well

Postoperative
Procedure
prednisolone acetate

QID for 7-10 d
Topical ciprofloxacin for 2

cyclopentolate BID for

sulfate BID for 3 d; 1%
7-10d; 1%

Topical polymyxin B
d

Technique
plana, 3.5-4.0 mm posterior

inferotemporal pars plana
to limbus

injection

Trans pars plana midvitreous
injection

Wire lid speculum used;
Stab incision through pars

gauge; 100
nl
mL

Table 6. Continued*
nl

Needle; Volume
30-gauge; 0.8

28.5- or 30-
30-gauge; 100

Preoperative Procedure
2% lidocaine, with epinephrine

povidone-iodine, followed by
1:1,000 subconjunctivally
min; retrobulbar anesthesia

ciprofloxacin hydrochloride
with 4% lidocaine

Topical or subconjunctival
lidocaine; 5% or 10%
povidone-iodine and

Honan balloon applied for 30

Topical anesthesia and

Compound
Cidofovir
TCA
Air

Indication
CMV retinitis
Various
Retinopexy

Study

Roth, 200373
Sebag, 199313

Rahhal, 19965

RISKS OF IVT INJECTION - JAGER ET AL 693

alence estimate was calculated both with and without
inclusion of these data

Hypotony

Hypotony, defined as an IOP of <4 mmHg, oc-
curred rarely after IVT injection and was primarily
limited to eyes receiving IVT antiviral therapy with
cidofovir and fomivirsen (Table 1). Specifically, hy-
potony was described in 3.1% (28/909) of eyestreated
with IVT antiviral therapy, including 22 cases re-
ported after administration of cidofovir457 and six
cases reported after administration of fomivirsen.”
Hypotony was not described in any eyes receiving
ganciclovir with or without intravenous foscarnet. Ci-
dofovir is known to have a direct toxic effect on the
ciliary body, which may explain the occurrence of
hypotony in patients receiving IVT injection of this
compound. Consistent with this hypothesis, hypotony
also has been reported to occur in patients treated with
intravenous cidofovir.98 Hypotony was not reported
after IVT injection for other indications, with the
exception of 0.4% (5/1,344) of eyes injected with
ovine hyaluronidase (Table 3).48

prednisolone acetate

cyclopentolate BID for
7-10 d; topical 1%
QID for 7-10 d

ointment BID for 3 d;

Topical antibiotic
topical 1%

Pars plana injection NOS

Other uncommonly reported serious complications

Other serious complications occurred rarely after
IVT injection, making it difficult, in most instances, to
determine whether these were truly injection-related
or simply sporadic, unrelated comorbidities. Hemireti-
nal vein occlusion occurred in an eye receiving IVT
triamcinolone acetonide.33 Retinal vein occlusion (not
otherwise specified) was observed in one eye receiv-
ing IVT fomivirsen (Table 1)7 and in one eye after
IVT injection of ovine hyaluronidase (Table 3).48
Three retinal artery occlusions were reported after
IVT injection of fomivirsen (Table 1).7° Although
vascular complications appear to be rare, they have
the potential to result in significant vision 0ss.105

Optic disk atrophy was described in five eyes
treated with ganciclovir,2 a complication not reported
with other compounds. Similarly, a large number of
eyestreated with IVT methotrexate devel oped corneal
epitheliopathy (15/26 eyes or 57.7%) and/or macu-
lopathy (11/26 eyes or 42.3%), but these complica-
tions did not occur with other compounds.”® Direct
methotrexate toxicity or disruption of the blood—brain
barrier caused by concurrently administered chemo-
therapeutic agents may have contributed to the devel-
opment of maculopathy.”® The only other description
of maculopathy wasin 14 (1.0%) of 1,344 eyestreated
with ovine hyaluronidase.#®

latrogenic traumatic cataract can be a risk of IVT
injection if the needle contacts or penetrates the lens

100 pl

Subconjunctival anesthesia NOS 30-gauge; 50—

Cidofovir

CMV retinitis
CNV, choroidal neovascularization; TCA, triamcinolone acetonide; NOS, not otherwise specified; QID, four times daily; CMV, cytomegalovirus; AMD, age-related macular degeneration; IOP, intraocular

pressure; BID, twice daily; TPA, tissue plasminogen activator; CRVO, central retinal vein occlusion; SQ, subcutaneously.

* Studies lacking an adequate description of the intravitreous injection procedure were not included.

19977

Taskintuna, 19976
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capsule. It also can occur after anterior paracentesis to
restore normal 1OP in patients with elevated 10P after
IVT injection. A potential complication that merits
mention is the occurrence of an anaphylactic reaction
to compounds administered into the vitreous. Al-
though anaphylaxis was not reported in the studies or
case series presented herein, at least one report exists
in the literature in which anaphylaxis occurred after
IVT administration of cefazolin.1%6 The occurrence of
anaphylaxis in this patient highlights the fact that
agents administered via IVT injection are eventually
eliminated from the eye and often enter the systemic
circulation, abeit at low doses.

Discussion

Risk assessment of IV T injection is complex. Stud-
ies reporting risks for VT injection cross a number of
indications and underlying pathologic conditions,
ranging from the treatment of viral retinitis in rela-
tively young immunosuppressed patients to the treat-
ment of vascular occlusion, diabetic retinopathy, or
AMD in elderly patients. Moreover, the occurrence of
complications directly related to the toxicity of admin-
istered compounds confounds estimations of the prev-
alence of complications related to the IVT injection
procedure itself. The most common serious complica-
tions appeared to be primarily related to specific in-
dications or conditions. These included iritis/'uveitisin
the cases of administration of cidofovir, fomivirsen,
and ovine hyaluronidase; ocular hypotony associated
with the use of cidofovir; and sustained ocular hyper-
tension, cataract progression, and pseudoendoph-
thalmitis after the off-label use of IVT triamcinolone
acetonide.

It is important to note that most compounds admin-
istered by IVT injection have not been approved for
this purpose. To date, fomivirsen is the only drug
approved for IVT injection. Agents labeled for other
routes of administration may provide suboptimal for-
mulations of the therapeutic compound, may contain
harmful excipients, may be improperly pH balanced,
or may include unacceptably high levels of contami-
nants, such as endotoxin. Endotoxin, which is a com-
ponent of bacterial cell walls that is often present
during pharmaceutical manufacturing processes, in-
duces a severe inflammatory reaction when injected
into the vitreous that is characterized by hyperemia of
the iris blood vessels, intense flare in the aqueous, and
hypopyon.197 Cataract, noninfectious endophthal mitis,
and pseudoendophthal mitis are comparatively com-
mon after triamcinolone acetonide injection and may
be related to endotoxin or other contaminants present
in this preparation. Available triamcinolone acetonide

preparations were not intended, and are not labeled,
for intraocular injection. Moreover, triamcinolone
acetonide suspensions for IVT injection generaly are
prepared by the physician immediately before the
injection procedure, using sterile solutions and materials
that may not have been tested for endotoxin levels.
Endotoxin is a common contaminant of ophthalmic vis-
cosurgical devices, 1% and even filtered distilled water
and sterilizer reservoirs may contain levels of endotoxin
sufficient to provoke ocular inflammation.2%® Endotoxin
contamination of surgical instruments has aso been im-
plicated in diffuse lamellar keratitis after laser-assisted in
situ keratomileusis, documenting the ubiquitous nature
of this contaminant.10°

Particulate contaminants present in a drug, in a
syringe, or in or on materials used at the time of
injection also may have the potential to induce detri-
mental effects when injected into the vitreous. This
has been demonstrated in the case of glove lubricants,
which are highly inflammatory when injected into the
posterior ocular chamber.110

To assess commonly used IVT injection techniques,
information from studies offering descriptions was
Complled in Tab|e 6.1,2,5—7,13,15,16,25,29,31—34,71—73,75 De-
scriptions of techniques or procedures used in studies
involving IVT injection were frequently absent or
inadequate in the reports that were analyzed. Vari-
ablesin the injection procedure may include the use of
preoperative prophylactic antibiotic therapy, the im-
plementation of preoperative or postoperative proce-
dures to control elevations in IOP (digital massage,
Honan balloon, or paracentesis), preparation of the
injection site (anesthetics, antibiotics, mydriatics, or
antiseptics), location of the injection site (quadrant or
distance from limbus), immobilization of the eye (the
use of forceps, digits, or lid specula), and postopera-
tive therapy (antibiotics or ocular antihypertensives).

The preoperative administration of prophylactic an-
tibiotics apparently is not routine, with only 41529.73,75
(23.5%) of 17 studies reporting their use (Table 6).
Postoperative antibiotics were administered in
105-7.2529.33,34.71-7375 (58 8%) of 17 studies. All stud-
ies used similar-sized needles, with a 30-gauge needle
being the most common and with a few studies using
needles with a dightly larger bore (27 or 28.5 gauge).
The volume of administered compound was quite
consistent, with only a few studies using >0.1 mL
(generally those injecting gas during pneumatic reti-
nopexy). The perception that 0.1 mL isthe largest safe
volume seems widely held, although there is little
evidence to specifically support this amount. The use
of a standardized volume also does not take into
account the variability in volume of the human vitre-
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ous, which is affected by the size of the eye and is
reduced with age.8

The location of the needle penetration into the vit-
reous in these studies varied between 2 mm and 5 mm
from the corneoscleral limbus, with 3 mm to 4 mm
being used most frequently (Table 6). Some studies
reported using a slightly more anterior location in
aphakic or pseudophakic eyes than in phakic
eyes. 15257172 Most studies did not report quadrant
location information, but among those that did, there
was no consensus in the site used. Little attention
seems to have been paid to the orientation of the
needle toward a specific location within the vitreous.
This may be important because it has been demon-
strated experimentally that the location of the injected
material may profoundly affect distribution of the
compound within the vitreous, with implications for
bicavailability and retinal toxicity.111 More impor-
tantly, the needle must be appropriately oriented to
minimize the risk of trauma to the lens.

Several studies reported regular postoperative mon-
itoring of 10OP and visual assessment of retinal perfu-
Sion.513:29.3L71.75 |f these parameters were not within
safe limits during a defined time span, rescue proce-
dures, including paracentesis, aqueous tap, or admin-
istration of topical therapy, were undertaken.

Several authors have suggested a variety of ap-
proaches that may reduce the prevalence of serious
adverse events after IVT injection. However, conclu-
sive data supporting their effectiveness is lacking in
most cases. Suggestions have included the following:
(a) using povidone-iodine and topical antibiotics be-
fore IVT injection to reduce the rate of endophthal mi-
tis; (b) lowering concentrations of triamcinolone to
reduce the rate of ocular hypertension; (c) decreasing
the injection volume from 0.1 mL to 0.05 mL to
reduce transient elevations in IOP; and (d) using
smaller gauge needles to reduce the discomfort and to
minimize the risk of reflux. The variability of IVT
injection procedures between studies further con-
founds evaluation of the relative benefits of specific
procedures and suggests that increased standardization
of injection technique may be required to achieve
greater consistency of results and best evaluate the
likelihood of serious complications.

When applying these findings to patient care, it is
important to recognize the limitations of the data
collected and analyzed herein. Although the literature
reviewed represents the state of the art, many of the
reports from which data were extracted were retro-
spective collections that lacked randomization or con-
trols. Systematic assessment of adverse events was
absent, possibly resulting in underreporting of the true
prevalence of any given complication.

Summary

The use of IVT injection offers distinct advantages
over other methods of administering drugs to the
posterior segment, most notably the ability to maxi-
mize intraocular concentrations while limiting sys-
temic exposure. There are, however, potential risks
associated with the use of IVT injection, some of
which are vision threatening. Our review of 14,866
IVT injections from the peer-reviewed literature and
from drug-specific saf ety databases posted by the U.S.
Food and Drug Administration confirms that most
risks associated with IVT injections are transient
and/or treatable. Nonetheless, careful attention to in-
jection technique is important because isolated cases
of postinjection endophthalmitis, retinal detachment,
or intraocular hemorrhage may result in severe visua
loss. A number of new therapiesthat use IVT injection
as a means of delivery to the posterior segment are
currently under development and offer hope for pa-
tients with vision-threatening conditions for whom
therapeutic options otherwise would be limited or
unavailable. For such patients, the benefits of IVT
therapy often far exceed the risks related to the injec-
tion procedure.

Key words. complications, cataract, endophthal mi-
tis, eye hemorrhage, hypotony, injection, intravitreal,
iritis, ocular hypertension, pneumatic retinopexy, uve-
itis, intraocular hemorrhage.
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